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1fi. AcBlract 

Tlie objective oTthis report u to gjve^ preliminary' a!isessment of the impact thiit revised 
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ennditlon of a Limited sampUngof ai^s. 
RecommenrlatLftnii of this report include np^adin^ of, or imprirvtmcDt^ t(^ Montana Department of 
Transpyrla lion's sign management system and muJti-distriel slaie-ivide rtlrorelltLlive sampling to 
betUT determine the impacts revised standards mav bave- 
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Tmplementatiort Sfatcment 

This study is sponsored by the Montana Dejwtniern: of iTansportation m cooperation 
with the |-ede]aJ Higlii'i^'ay Admimstraticin. Jlte cnajor o^jjeciive of the study is to conduct aii 
impin;! a^iriessnie]n of ijnpleme]niug tlie pj^iposed je\-'ised letroreflectiviri- tTcqiuiemeiiits for traffic 
^il^riiujclllzed on the Stale Higi^way Systejn in .Vlontana. Recommcndarions from tl:isittidy will 
(iJJow Q11 effective impicuieiiitation sti'ategy to hedetenujned based on cost compliance, and si.^n 
Tr]il[iiger]ieilt. 



Thz opiniOTift: liTidiniiS and LfhricluSvioiiJi ei^pressed in this publication ajre those of liic 
authors an J u^LnecesiSiaTLlv thosve of tlie \10]itana l>e|>artnientofrranspoita[don or the Federal 
Higluvfiv AdTniriistratJon. Alternative accessihle formats of this document will Ix: provided upon 

1CC|UC!>L 

?t:TSoris with dLsaliiJitLes who nctdan aliemativc acccaaibic IbmitiL ^jl'Qiis inlbiinal>Oit, Or 
wlitnnxiuirc ?ni^ne otiier reasonable accoiuniodatioti jji order to participate, should eontatt ^ht? 
Montana Dep^jjlment of I ransportatinn. At: lie^^arch Manager, 2701 Piospcet Avcnijc, Hckna, 
MT 59620-1001; lelephone No. (4061 444-fi2f^y, lUD No. (^06) 444-769(5 or Fax No. (40^) 
■1-44-6204, Fo:"iriore information, conutcttlie MUT Pcrsoimcl Scr^-iccs Scetion al <406)444- 
3871. 



Abstract 

The abiectivcof thisrcponisto ^ivc a prclim[iia[ry assc&emcni of ihc impflcithat TKjviwd 
renoreiltcttvlri- requireinjents will hai.'c on the State of Monaiia. Cioticliisions antl rewim- 
menLJiii.ii'Jiis are inadje for Moutaua'i fumic maiiagemcnt and handSiiiti of si^n inv;jnLor>- Jala. 
Kiis oinjeccive is addressed tiiroiiEii tl^c fo!lov.'in^:taiti: 

■Jask A: Re^-icT^', assimilatian and analyiiisof CLirri^nL littjaUixi; rtvftilablei.in iciaiii'jM- 
vidde basis. 

Task B: Diseiissionoi'icsid^iifroLii a multi-^iai^ ph^nc i>ylitilaliOTi regatding ?.iaije sign 
maiiagcnicnE practiocs and polifieii. 

[auk. C: As aiiiCBSiTQ-i^nl of si[;nr4;ncti.nilv m-jpcL-liari cquipinejtt and sampling 
mtOiodologv'. 

Taiik D: Jtvrilyal.ifsii f>f \-lL']iitaiia's sign inventoi^'on tl:e basis of ciLn:\;ntpratLi^;H>fmd 
gondii ioTi tifMlirrtiled sampling cif sigriii. 

l^ecoiiunciulaticn:; y-l'Lhiy Tep(.iTi. ir]L.ltide upgrading of O]- inipro^ieineiirs to Montana Dupiarlnn;ni 
of Transporuniun'jj Jjij^n rEiaiiagemenE syi^teni and inulti-djstrierstalc-^^idc K:(rwrellc;i;ltv^: 
sampling lo bcUcrdeliirrnine the inipact; I'evisedstardajrds may have. 
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Background 

The goal with the placement cif any triillic l:<>tiltoI ciievECfi i-'? to cffeccivtly conununicatc to 
moccnisra the appropriate poiiure or pi'ohjhitlve action ^ necssj^ary tfj allaw ^ale trnvcr^ul ol'tinv 
section of pub[ic roadivay. Stg]ii, especially, are design t:cl am^ (il^ictil in b^ ti^\[\ imsi viuitkly 
visible, rccofinizabk. and undersLaod with infonnatiori, [^aidanct, and warniTiiJ. inRimnaUon. 

Adequats: sign it-flcctJV3t\''. or retro]eflecLivi1y, i^ cs^eiilial lor riighLlirrie vi^ibiliLy orilics;: 
traffic c(>ntrol de\'ice!^. Tli-e extent of JilgJitiircie vi^jibilily iif^iigri!^ rna!»l be mlic>i Lbul mnlyrisla 
have stifficient lime and distance to detect, JnterjiTieL{reaLlj, and resporiii a;, rieecleii- 

Rjcseancli (L2) in iccati years hai detitoii(^t:at6d dt-e Jieed to upgrade the previf>u^ 
rcqtLircincnts for 'dga ictnorcflcctivit;- to culiancc nighttime risibility- . For many !^tates, iiuch ai 
Monlaiias JMs ^^ill meanKplyfing a substantial poition or cvaitttally all of tlic si^ts cuiTendy 
iililiziCLl on ih;: Slulehighwyy sysitm. 

No^v iL'lTiortlkfLivily siantlarcla arc bciat? proposed hy the Federal Hitihw^y 
AdiniinsLcation ibr auoplion by ihe nalional Cemniittce on Uniform Tramc Conrro! Devices. 
TcnldUvc UQ'^culalc Iot impltTncrtUtlion lo bc^inis in 1?^7. 



Scope of Work 

The o\'erall objective of this stttdy is to cottdiictan unpact assessment of implementiitg 
the proposed new rctroreflectivit^- acquirements for traffic 5igns LttiJizedoii the State highvi^' 
system ir^ Moriona. This objective is to he accoinj>lJsJted through atv-io phase project coveriitg a 
period of 1 ii-months from March 15, 1995 to lieptejuher 15, ]996. 

This interini repon: discusses v-iork activirj- iji l^hase 1 of tlte project which consists of die 
follov-dngtasks: 

Task A - Literature AssimUatiO'n, Rjeriew and Analysis 

TaskB - Multi-State Phane Solicitation of Poliey/Stratc.^cs 

Task C - Assess Equipment Mcthedolo^- for Si^n Ejcflcctivity Inspcedon 

TaskD -Evrtlu^J1it^^l.■■yo^liJ^L^lL^o^t^i'CtJ^reD( Sign Inventory 

'I'ask I' - Interijn kepan Weconimendationi^ foj' impact Assessntenf'lmplenicjUation 

The rtmahider of this interim report details and dlscnssci completion of these tasks iu 
Phase I with recommendations for impact assessment artd unplcmcntartion to ibUo\\' tn Phase 11 
of dre study. 



Task A - Literature Assimilation/RevieWAnalysis 

All avaikitiJe ]'e3earch i>r Kchiiical liiEratLuic on si.c^ rctoneflccti^itv' publislicd in the last 
t£n f'K>) yem-a \v3.i accesKd and aE3im[laTccl &om the Nadonal Tcdmical IniiiTination Scrvkc 
(NT [5} ajid I'lje&eaich Managcmair Ui^it of tlic Monoiia Dq^artmcnt of TransporLfitiyn- Approx- 
imately thiiT>' fjO) arlidcrii and Kporla vvcn: dtumcd rrkvani. lo ihe sludy re^eiiTtih. Thc^e 
publicalion^j wc;!;; Ic\'v:■v<^^ci^ MTid ^iirriTnL'iri^^ccl by ^jrintil^iiin. A bibliography ofcht^e anrii'jtations 
arc pro!i\;ntod in iho ttppcmli.^ Ui Ihis iTJierim reporu 

Front an aiialyaiiiyflliiB inlbrmnuons aekvLcii (opics ol"lcC>Lniviil merlL liave Keen 
catetTorizfid and arc diacusiivid ia the ibllo^^in^ pfuagraphs- 



Itetr oiEflgcnvc Si^n Shcotin j ; Typt.^'> mti^I SpK:ifHi;Jions 

Sign ihcu ling m^ileri^il^i art Specified by cla^:^ and'or- t\-pe i. LJJ). racli material 1;^ refened 
to ^O'tncvvhrtLdiD^rcTillv accfirdiri^ cruhe agejicy invnived. fable 1 clcaily identifies the 
inatctiakaml spctiJiLaiiocis inviilved. 



Tabic 1: Sigji sheetinjz msiLerial dc^iirniil.i[>n^. 



Class 


ASTM 
Dt.S igna Linn 


FHWA 
]>ej!ig!iatlati 


M26S 

AASH'lO 

Designation 


Field 
I>esigDat]Dn 


— 


— 


— 


Typcl 


Uiilily 


Class 1 


T^-pel 


Type n 


Typ;; 11 


pTiLjiiieej-lciii C Trade 


Class la 


Tj-pc n 


TypelLA. 


— 


Super tjigiiieerjng 
Cjrade fShG) 


Class 11 


T>pic m 


Type II] A, n 


Type III JV* 


lligliPfifotniance 
(HP) 


Cluss III 


Type IV 


~~ 


~~ 


Diamyrid Crude 



''Denotes vinyl abceling 



Si j fn I.e^.ibility 

fhei^ ssernsTO be some di3agrccm(;nl in i-lic Ii"1lI a^ tti which com hi nations of sign 
slieetiiiG ^adesand bafk^Kumiiij pmiiujce tbe brightest and nrostlep[it>le sifins. MeNces, (^) 



reooramends that High Jntensm- mck-nn copy, Cipiiqos backgrctund wdrh buttan co'py, and 
En^in;ciin£ Gnwic ^^[lii button copy are tlie tliree Iwj^isi^n apUisns Ibr legibility. He based this 
KCMJnuncntlh^on uptui extensive research including difTerent lig}iliri^ c^mditions and different 
cnlrnTii^c nHj^lca- M■^;^4"e^;3 also fountl tliat standaid specitlcatiojia ccmeernirig kLlcrhiji^hl antl 
■jlrolie may nc^d u> be n;vie^ved. as leyibilit>' of scmdaid signs 'i^'as not suiTicienl in arcaa v["high 
vtliicle Spticds- 



l':cv>r)iimy aaid Us;e orSij^n ShgclJn j ; MMkriiih 



kcj^arch ipOusASFLxl by ihc Kynsa;; Depailmcnt of Transportation (5), foujidthat tlirv>ug}i 
inve^Li[^at.ion oJ" jjcletlcd alhcrSlatca' pnictiecs, l[fc-cyc3e cost analysis, and previous sheeting 
^jludic^j, ibiii. tbc trends arc ((>ward hi^-pcrfoiTuanec sheetini; on all traffic sin^^, and high- 
ptrlarmantc sheeLin^ yn Iryllit uauLrol cle\ie-e3 in the coustmctiomvori zone. Increased use of 
the liigh-perrlbnn^Trtts maljcrials is ylsLs c;oniii3l]cni 'L^ith the iucreasiiig ainoxmt of older drivers on 
t>ie roads ijCndfiy. Alsf, Ihen; is a grL^iwing movement to use Eltcetin^ with three times the 
reLTVfreflective \'a]Lies fy-r liiiTTHUr hish-psrlbmiimw; maj^iials for critical locarions, such as 
crjnsEructJon work stones, and ureas o1"hi^ visutjl LX>niplL;xily- Review of recciiit bids also shows 
high pertbrcnance signs >iyvc ^ih^werlilc-i^yek tusl Lhtm nialerials \vi1h less inltercnt reflectivity'. 
Ibese firMiirbgfi iire suppyrlcJ by tilher .-jUnlica done Ibi ihc Arizona Department of Transportation 
fft}ajidthe hiorida Departmenl ol^lmnspLirUilion CZ) 

h.lt. Russell'a re|iorL(fi) suggesm tkat ihcne unc mjiny ptujaiblc t^conoiiiie anal >'5is methods 
dtat could be used, hut the h^quivaiejit iJnitbrcn Annml f.'osL (L^l^AC) method isbesl suited for 
cost-effecti'V'e analysis of sheeting, tj^st of fahri cation, ir]SLillMiioti, serviee hlc o-ithc si^n. and 
beueflis arc all pait of the analysis, giving the snost precise nesulLS aCa\\ the methods- Based on 
Kansas' si.^ costs and bid prices, their policy of usijig high-performance slieeting IbrVcy 
higli^^'ay sii^is is cost-cffecrive. The life-cycle cose analysis Is aver\- good tool for states l.hiil 
have appropriate data. It i^vould ensure that the most cost-effective of the nialeriiU cumently 
available were being used, as well as developing base data to evaluane and niake economie 
decisions on new ]naterials l>eco[iiijig av-ailahle. "I 'fie appRipri^te diiia [lecded Ibr sifuh an 
ajuilysis, is expected life of the iigii, date insTailed, wenlbering latiiOTS, present vvorlholsi^antl 
remaining life, and cost of new ntalerials. 

In Ifl^l, the Oklahoma Department of I ran sponaEliin {C>3>C>'I'} adopted (i polity Ihal 
required tlictjseof high-Eutci^sitv, encapsulated g.ass- bead sheeting on all led artd yellow sigTis, 
as ^^-cll as ^ccnantl biue si^ns on interstate hi]^wa>'s. Ihe policy also called for use of .^ujier- 
cngineering grade sliceiing on all other signs. S .A. Ahmed f^j performed researclt to evaluate 
this poliey, and found tliat tlicir pohcy to use Typc-IIIA, high intensltj- (HI),, sheeting on all red 
and ycllo^Vj as well as greets and blue siguii on uitcrstatc higliways was sound and defensible. 
Alinn;d also fotind \\];A DDOT requirement to use Type-IIA (SEG) sheeting on all other signs 
ntwdftl (o Inc TicviewcHl. Although (he milial eosi of fabrication of Type-IE A (HI) signs was 
big>ier, Ii1"e-cycle ar]alyiis iinlit;ylesthai. HI rnhcetjng ].■■ more tost-clTeolivc than T^TDe-IlA. This 
shows that a policy of asing \\\ sheeting nn till sijins isei;on£.imi4;yLly dclbnaiblc, antl overall good 
practice due to its increased refiectivlt;-. 



Dc^t^ioration aj^'iifr, Shfi&Ting VfaTeriak 

Dt^LericiratLan j.*^ ijirobJeni wicfi retmnefl&ctive sign materiaU. 'Deterioratioa factors 
iriL-luide siilar irradiation, iii^^ TEinpcratiircs and inoisnu'c effects, photo oxidation, industrial 
pDlluELiin, wind erosion, sand atnasion, and sign vandalism. Blade ^Jjl) su^j^estB that tlic best 
\v2.y to deal witli si^^i deterioration is to fully develop a Sigji Mtinaycmcnt Svstcm{SMS). A 
thoiv>ug]t revJFft' of cmrcnt sigi: managcmciiit procedures shouid Ix: coH3id\;re[l before making 
iriy maJQr cliaiigcs. FHWAproiccts include impro\ing tiicii' SMS to provide io\;td a^i;n\;i\;3 vdih. 
i in icroeoMiputer' -based predictive tool for use in inariaj^ng i si^n invaitory. Then.-- ait.-- many 
wi^'s in wliicli computers and setiimocs e-ould aid in this proe\;3s while pCTlbrmin^ Jield 
infipectif>ns of ftie aicn inventory. Also^ after the SMS iii in efjteet and all ol ihe ii^na an: od ibc 
data b^t, quantitative sample [netioiir\;ment3 of tlie r\;irort;nstlivs ^igns yl?jiTTiil^iige 
populations eoulci be wxd lo rcpnsicru iheptipiiltnion tiJ'jiiJri!, in ary giveci arKL This would 
provide ar-eai servi[:c hJei^hecV. TorOie liie-cvLlt: ariiilyHi^ bsing performed by the computer 
SMS. 



Constr uction Work Zony (CW/.) Si^.nin^. 

Use of relkeuve si^n miHicriais iHal atc hTii|;>iter a:id la^t longer Jias become Hie trend in 
recent years, and CWZ aigninji material are no exceirtion. Ilie henefitB of increased use of 
lligli-PcrfomianecTiejlcL^lJve TrLaterials (SlX},lll\[ll) tia.^ I>eeii demonsuated by increases ui 
detection and rwogriiiij^n discanc^?^ of CWZ devices. I lo'^vevier, the baicfit of using high- 
i]Ucnsity sheeting irviis LJilseihyilie cost, loss of durability', and pioblems T^ith handling and 
fabrication (11). H sh^mld he rioied that theseprolileins v^ith handhng. durability, and fabri^;ation 
have iinee been eQettiv^jEy addressed ajid minimirjed by the manLifachjrersof tlicprodutts. Vix 
of fluorescent wheeling on C'W/ .-^Igcis iii once again gahiing popiilarity. In tlicpast fluorescenl 
CWZ signing maKcniiis liiil noL lasL for ]noni iliaii a year, and sometimes only three weeks, wMch 
jirc^'cmed it ifom y.uininii widespread acceptance. LUirahle fluorescent sign materials are now 
available IhaLfire ^vell HulLed to h^lth day and iilghttlnre visibility, and liavt service iilc and 
diuabihty (ha I i:^ coni[iarahle to iTiilier CWZ sigiiljig materials. Diamond Grade sb<;clin!i ii 
ariotlier allJcmiHri^'e fo[- use ir. CWZs, or v^tiere it Is dcsimble to have a highs^ Hir^ei. viilue ard 
reEeeliv-encas Lliaii High Ititejt^lty j^heetii^g. The cost of the diamond grade sbccling wouhl limit 
il lo use in ar-suJ whei'e hrlghtei, 'i^'ide angle reflective sheeting is warranltid, und t>ie cost could 
be juslilicii. iLWMuld he hest tiscd in areas of higli ambieuL h^hling. worV ^jones vvith a cluttered 
roadvViSy environment, ajtd high accident locations withni^hUimc yte-iiiertL problems. Another 
good HllcTnrjLive v.'O'Uld he to use tliis material where an intresiscd tiewingaaigle cannot be 
avoidctl, Jjiich as urban overhead signs ormier:jeieUons. 



Task B - Phone Interviews for State Policies/Strategics 

Phone iriier\'ie\\^ w-ere cciciduct-ed to ascerEaJii i^tratet^lci and policy ^iccisicns being 
implCincDlcd by cither stales jji response to proposed cliani^cs in ^ifin ictKneilctUviLy 
:]Kiuirancnki. ToQr [4) geograjiJiically separate scares t^cic contactcJ in thK reiiyrLl. A ^umTnai^' 
of ^;tn;hdi:^cus;^ifhrL i^^^ive:! as follows. 



A sfleeuingwashcldTivitli^Ii-. LcwiiRl;o(Jc!iof th;;Tc>;iisnt:paT:metTftof IrajisportatioLi 
<TTfDO'l) it] Austin, Texas onMaich 13, 1995. Mr. Rltodes indiealfid that fTtUOf does not 
currently have a consistent or uiicr friendly syskoi oiisi^ inveniAirt- m responsive sifin 
mynageineni. Ke indicated a compki-i;, sjatcvritk": ^ign invcTitrjry e^aloatlorL in tl^eiicar fntinc 
wi'j felttio he too labor intcniiivc antl ^;oBt proliibilivc. He stated thai with an expected sign 
rtlkcDvity peiformanec liti; of S-10 yt^m'^. i' ^vrts anlitipfiled that TxDOT would attempt a si^n 
toTivet-iioii to lilgji peifonnante £h\;eLui^ Ml tin annual lyls of 10-12 pejcejiit. 



C Californ ia 

Mr. Richard Hiekmfm, Serti^n" li-ngmecr in iestiEig and Technology' Scrvi^;c!i, V'iW^ ihe 
C'aliforniaDcpartmcnl orTrtiTj.sponation f<".iltrans.}, was contacted by phunc regaiditig ^ign 
retro ieflcetivit>' isju-cij. Mr. Hickman icidicatedtJiaj: Caltrans had recently toniplcieda statewide 
surv'ey on the eondilion^rreileLtive sign!»{12). A j'epresentativc sample yi'sigri^ wene e^'aluated 
hy reflectivity mcwiaurcuicQls u^irig an .^Rl' Model ^^201 retrcrcflcctanicun:- Sign rr]e;asureinenits 
VLiei'e taken at vriJely separated interchanges oji j^ctions of roadv^TiyBnol rei^eridy tetonsErueted 
and with no signs ics^ Lhar 2 years old. Various sheeting grades \\ierL; mcn-^ared. In summary of 
tl^is work^ Mr. Hii^VmaTi stated that of die total lOOD miles sample. 95 percent of the signs 
measured would mejet die proposed re^dscd sifin retryreflctUvily requirementi. Mr. Hickman 
verified Ihul current t'altrans police- was that all new signs vvcre either SKGor HP sheeting. 



Mr. K.crmeLli Ciudenkauf of the Kansas Department ynVarsjiartationfKBOTj was 
contacted by pb^fneaaid engaged in an interLde^vdistiission Lcmcerniiig policies and stratcgi^;^ bv 
KDOT^n sign reflectk'itj' requirements. Mr. OudcnVmif indicjEed that extensive ri;scan;h had 
beeniniLialedbv KDOT focusing cii both sign irtvcrtLfiry sj-stenis (Hj and sign rcplEteameni. 
asscsiiTrient (M). He staitcdl tlial KDOT wis iTriplemeniing a sratdvide sign invertun-y prograjii lo 
begin iji 19^6 antl was Hikiplini^ a sitate wide policy of signrepkneemsnl ii> meei the proposed 
inLniniumrctroreilcelivilv reqoirecnents. The .^Ign upgrade pano^ram wus to be eonipleied over a 
ten (10) yearpenLsd wilb major route.'! to l>e done first and i^nlirc rouU;&Ci>nnpleted at adnie. Tins 
encompasses lO.ODO rnilejof mral higlrft-ayandc^'er 300miks oflnLersEaEe Higli^x-ays. All 



replacement signs ^^il! he High l^erfhrmance (Hi£h Intensity wdrh a ten (10) year life fmm 
maniitactiirej. 



Pennsylvania 

Ma. Eilern Collins in Traffic Kcigineerini;. yml OpOraticjnii of rhc Pamsyh'ania 
Dcpaitniait of Transportation (PennDOJ) wa'^ CH>rLLiLlc£] vfn^xTning si^n rctiorcflcctiv]t>' 
requirements. Ms. Collins sraticd tliatiiie ctuienL l-^ennf^OT si^n rcplyticmciit police- v^as based 
on a &e\ien (7) year si^n life vn.Tii. an inventor^' change fmi <ti 1 .'S pertcnl u ycm. She further said 
that Tftdthin the lasi year all sl^ms produced liarve f>een high iriuensily with cxelusive applieation of 
this si^n EtTade on fLceways, express\\'aya. ajidoiher "trilitniT' ^i^ns. Sh-i; indieated tliat tliis 
implementation shateg;- 'i^'as also Influenced l>y PenTil^^JI's coneanlbr fh<; inereasln.^ elderly 
dii\'inj2 population. This wascoufinned alsci f>y Mr. .Arihiir Brcncman in laler eoncspondence 
and report findinj^s flSk 



Montaita 

Mir PEfLDiunnoninMauHoMnee Division of the Montana. Uepajlnieut I'jf TianspfhriaLion 
(MDT) wrts L^ynliitUxl LxmeciningMDT's sign uivcntor>' practices, and netmreflectlviry 
rei[uircnn;ins. NIi, Braimonslti1;;d lh:il MDT uses a biannual sign inrentjorj- gatliered in theVleld, 
rcporlin^ aign uppcymnw; find tuntlKion. Mr. Brannon seated tliat diis in^'enioiry iflihs cunent 
tcplauoTn^nl (ool ToiinalaUcG signs. MDT expcets a seven (7)tio ten (10) year sign life, and 
tcplauem^^nt is based primarily on I'lmctionaJity. physical condition, and appearance of Ehe.^ign 
Hs is reported in ihc sign invcimjry. Fi;jld maintenanec personnel hold primary nesiianslhiliri- for 
mainlcntuiLx; EinJ inhrpetiiyn of Ibc si^s for completion of the sign invejitojy-. I Ee also indicated 
Chal MDT is turricnlly using high inlcnaily shi;eting noatcriak on all new signs installed ojttlie 
iniJCTsi^ite sysLem. 

Mr. ,lelT'Pajiiali was also coril acted imd diseuisions held by phone eo^nceming Fedeml 
Highway AdminiaJrailion (THWA) spons^^rixl researeh (JL i£) restiiting in the proposed miniinmn 
rcLrorcnceLivily requint.'menls Ibr IraJJie- signs. Mr. Paniati disctisscd an on-goiJig sun-ey of 
approjdmatcly forty (40) stales to tslabiisli tlie replacement impact of these jevised requijements. 
Montana \^ias not a participant fund the results of diat study are currently not available. Mr. 
Paruaii also elaboitile;! on a proUH.ypc van bcin^ developed by FHWA lo assist ^^dth measme- 
maits ctfaign relicTcncxIivify. He was hcpclbl that se^-cial of these tmits ^^lould be produced and 
uvajifible Ibr i1 Lite denioTiJlJ^lLiiMi use in 199fi. 

Kinaliy, ijtfonnation w^s also djai^ii from rejwrLS on sio.n retnotiellccLivily by tltc 
Colorado Depailmer.i of Transportation flT) aitdthe Keninctty DeparEnieniof JVansportatian 



Task C - As.sessment of Sign Reflectivity 
I n spcctio n E qu i p menl/M lith oii oJ oy y 

Rjcflcctionof [ight QccurjvVvhcTi mc tighHlluminiTmEi aii ob.ifct is reflected back fmmrho 
obrcct. ThcbrifihmciSDftheretliae^lighllsLlk^tllyiTlatcd todicintfJisirj'ofthelijilTL wunjc 
and the t^-pc of diffuse, jnirror, und reLryr!;Ikc;Lion. Diifu&c ncflcccion reauJia wheit Mj^ti] ^[nkc-i 
au objecithaLba!ia ]njc^a:v:;^■|p^L?lllv mu^i surface. The light scatcers in alJ df^Teciions, and only a 
smaJl atnount of lig^ht i.^ rtlleciea bfitk lo llic lij^it aomce. Because only a sr]i.ill amounl of ligliE 
is refuroed alon^ ttie^jarti nTOie iridocin (iocoiningj Ijgiii heajn, diffuse reflecLi£.iTiTna3<;rials have 
poar nighttime visiljility lii drivr^sC^). 

Mirror reflect! oji [ikes^ p'Ei;;^' wlicu lirjhi: itriJtcs a jnicroscopicaliy smooth iurkix. Tlic 
light is Inflected fmm ilie ij^jrlkut^ al an cqtiai, Ljltc opposite, angle from thiil ol'lhe JTiuiilLmL h^tr 
hear]], l.iyhl is relumed 4Lir4;t:dy to the source ojily wiien the light Ihearn is ej;iJcQy pcruendicttiai' 
10 Ibe iiiirfuve. Tbi.-j is shyv^it in Fif^mc 1. 



Mjjure i: 



Types of Reflection 



ifujkJflnt Ught eeo 




Kgugh Surface 



Diffuse ReflLidUon 



IncHjcivt Ughi ^9l«l Ar>g5» Rrfle-;tcd Llglil: 

fl*arrt dlX >"*i*^ XH^Btarf] 




Smooth Stirfat* 



Mirror Reflerjlign 



l-^ciJtnt Liyhl l^cam 




fiefrsiLive E trncnts 



R^A.ro Reflection 



Rctrorcflccaon occLiia whea li^hT grrikcs an object and is reflected direcr^y bfick to the 
source of fi^hl. Boc;aii3o a rciauvely ItiTiie rmotml of Uizht i;: JctuTJted rstrL-iTtlletiLive raataialii 
appea3hiri^hL^s;uosnob3C3'crlocai]ed]ie;;r;hL:l-ght BOLircc. Fiis tlie pt-mtipleorT^Lmrtllcction 
tliat isapptisdu-ilrynk fontTo;d::vJce^. A.h shviwn [nFigLirc2, thcreare two l>ask t>pes ai 
jetEOJ'eflec*jf>r^L ii t;nhcri[;fd kns and a cube i:^^rT:t;rr<;n^c;Lor. A spliciicaUeju reVlector us^^i 
nucj'o?icojiic^li±s>;b;:adaEmdaicrlecun^sijriii::epi!i;:£xlatth.^fbcalpoiut torsniiji li^tit toil? 
souite. Jrn:L]nc-i;om(;r reflectors, light i.-^ i^llcLltd iutccssivcly fiomtlte diree (lack faces of ihe 
Cube and h icUiin;oicd to fli:; source (9). 



Kigur^ 2; T\pes of Relrorcf]L^cLnT^i 




En^-ldi^nl Ll^hl t^d^rrh 



Reflc-;tr.i Li^hT Hiijrn 







llti-jm 






SphtiriLt]! KefNM:k:r 



Cube Comer Rejector 



A TieLT\>rLi(lL.'clivc shcctiua is 5 flexibJe !^beeilbal L^<>^.3ii^■j i.if very larj^c number of 
7jp>it;riL^]l tKni or(.:ubc-comcricacrcflec;ive elerriecit!^ "uibc^Ulcxl in n VrX^thci resistant Uanspaicnt 
lilTn. Ta tkiIlx:! color, piamcnt or dye is jn.-^er:eii iriLCi iFie lilm oronlo ihc icilective suifacc 
bebiriL? itie rei r£.iT(.:ni;(..(ivc clcmeiirs. AitlioLi^^h liiers are a numbtiTof v;triat:oLis, as prcviotisly 
di!^Lin>ieLL iMe ihrce c;c[ninan hpescf s'leeriicig.^ used on iRji-jt l^lsqItoI devi[;e3 ;ue; I] 
i.<n^iti;.i:yii-i^^:/i!di'. 1) 5i\p^r-i:n^Jnccriyi'^iiritii<^, iuid /ij hj^h-rrju'.niiiy ^racic sheetings. 



Bofl^ The enj^incering ajid RQ|>e]-eii;iirii:rrring i^rydes arc ot <LnciO!ied Isn."; type sliectmg 
^^■itli flie main distinction betweei; the tv/u being >j hi^hei- uualiry ^ass bead in the super- 
engineering ^mde sdicctijifi. Ar sJiown in ri^urt: 1, j-menelosed lens sliccciniz eonsisES of a layer 
oJ'irantparcnl plascie of the appropriace cu\ot in vvhiLihrnicroseopie ^lass beads are cinbcddec. 
The ply^jik £x>vering enables die SiieetJng ua be ei^hj^jEly biighl nnder drv'and ^vet eondidons. A 
riieiariLt rencLUjy^ihiejd i? provided tichiiid [Jie :ilistic, p]ij.^ ;i biyernjf rirrncsive unci aprotcetivc 
IJitejtbai is [einffVEJ diinn^ ihe LabrieatiojT cf atratfic conirol di^vice (9y 



f ij^ve 3: Schematic of Rctrftreflective Sheeting Composition 
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a) SphericoE Typs 



Sheeting 
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Adnesi^^o Lin*r- ^— Adhcsiv* ^ — Sflalmg Film 

B) Cube Corner Type 



High-mTJensil^- grade 5hcetin£(s are of The ^iv^f;pjuiaf£TJ^f?iTi5^e. The gtass beads air 
pmtectedhy .^.ipmiiparimt topfl]nKlialLfis;ei[edmNnu'3hpattcii:ai^di!^!^up]iori^ slightly above 
die l>eads 'v.;^' walE^j kavin^ tmaii' f:lled coinjiatLrneriL. Thtsback of the bead!^ is ei'jverecj vvillia 
reflective eoaL E^ecau.'je vmim c;niihion is provided in IrunLo i'^hc bi;ads. diia t>'pe of filieeLiugis 
more reflective dian iJie eri^l^^jw^d kna sheeting. Micri'j]iri!irr]ai.ii: ncnctMoni sice 50iiiei:iniefi u^cd 
instead of tlie g[as!i beaJ^ wilb Ihc air eusl^ion being iiefilnd the hmW^. 

The overaiJ perfonnancc afa nelrorcflective sheeting depend^ TwLuiily oudicopticaE 
properties of tiiemacerjal uj^ed biasiido an diitaneea. angles, alignTnerjias taid spcelfie veiiitle arid 
Kmbicnl li^tiitg encinjiitered tin ihcrL^'tkhviay. Ke^erdieiess, the lariiinnjiLcpnjpeitiesof 
retrorcilective sheetings are ij*iij(iilv spceifi^d intenns of tfieir lirlghlnesii, 

Brightness is a rjiea-^ane (.irilTtsrelrorcflccror's abiiityto neLam li^hu Intlie ease of sinaJI 
Kdkctora, brlE^iitiiess is rtieasarei] b>' ihc uoclT^icnt of luininoui; intens^lL^^^ R, in i^andela per lux 
(cxi/lx) m- eandcla per fi^oi-candle (Ld/J["t>. Because traffic eontroJ deviees fiave n rvlauveiy large 
nr\;a. the coefficient of ri:iyiiri:Jht:s.ii;tfi^ P.', hys been adopted as a measure d I bri^JujiLHS. It is 
niy;reJy ihc eoeffieienf of luniiiifius. InknsiLy divided by tlie aiea of the retmrellt^lor. The units 
of R' are caiidelaper iuxper squfine ra<;1cr (ed.d?t''mj or caiideiaperfciot-ciridlepH- aqiiarc foot 
(ed;Te;.'ft). Usually^ die term k' is rtieircil Uj as Specific Intensity i-'er L'rui Ar€;ti, SI A. It is 
smporlani to note tliattl^e liuniaii fiubjctLive perception of brightness is ]if>i linear \vi(h inslTumcnt 
rcEidrn^solRorR'. A tenfold IncieaKe in bri^^hliicss. asmcazurcdby itisEmnieiits, rFiiiy be 
pcrteived as only fivo to tliree times tirigiiLCT. 

Iliebri^'jiess of sheeting material.^ is alv^aysLiti;se-iitit\l in eoiuicxt of anodiej' imjirtrl^il 
prjjperLy, i -j angitlmty ^^-hicli is defined by the tni^anL-tf im^k al th^e li^ht and the ohKCrvatUm 
ayii;if: iy{ Lht motorist. These t^o angles change vvit>i t>is vicvving ilistanee between die v-ehitle 
ami ibcixsntrol de^dee. The obseiTation angle dt^pcad'- yn lie heiglitoffhc drivej''s eye Vvit>i 
TttpctL \s.^ Lhc vcliiele headlights, whereas tfie erSLriirtic rtn^lc dq^ends on the loealion aft>ie 
veiiicle ^vidi nsspcel to tlie device. The tenn "angalarily'' rclcrs Uj the taufie of angles at whicii a 
jetmreflecEl ve ibecling tui a eontrol de\'ice will rennain reLnn-cJlKtivc i;^. 

'lat)le>i 2-^ present the muumucn Retroi^efieetlvity gaidelineH (li pricipyBed by FHWA (ly). 
These guidelines ^mc represented hi amatriK ft^ainevLTU'k for legertd-hatkiiraund eolor 
coinl>inatiiin^in]"blytk-£jn-yyllow.'hlaek-orL'Orange wariiing signs, whitc-tm-red regulator^' signs, 
black-oii-v,i]ileTi:gii]EiUjry and ^idde signs, and white-on -green guide si^nSr All nctrorefleetivtty 
value!»ate ^iven in R' laiils of ed/lx-'m" and categciri/jet^ hy niateriEil lypc, sizc\ (rafific speed, and 
mciar]tirig pai-iiion. 

MeariaremcTUi: musl be taken of retroreflectivity on a representaiive Mfjinple of si^s 
statewide to estahli.s>i Lamp^uyuve loss of refleetance andcompltanee widi tlie fnn^pysed 
mhiimmnf HWA requirernents. C'lJuenlfy, these type of measureinentsaretaiteci witb apyrlitble 
reflcetometer. To effectively asstri bi'si}! equipTnunt. sntl melliodology, field measurements ^^ere 
made. 
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Tabic 2: Minimum reirorcflcctlvirt' guldelbeii for bkck-on-yellow and black- 
tm-nrdni^e wanning signs. 

Legend Color; Bbick 

Hackgr[>iin(J Cylyr: Ytllyiv yr Orange 



Si^i !iizc: 


■- = 4S - in 


3G - jji 


< 30 - in 




Malerifil ^vpc 


1 


1> 


L -^^ 


25 


Fine £>Tnbol 


I 


zo 


jf> 


4^ 


& WokI 


II 


25 


40 


60 




111 


30 


50 


SO 




IV JiL VIJ 


4(j 


70 


120 



Tahle 3: MiTiiinum fTCtrorcflcttivi^y ^luidt; lines fvr whiLt: tin red rcgulaLtTry Fiignfi. 

Legend Coloi': Whitt 
Baf kgrouad Color: Rjed 



Trailk 
SpeeJ: 


45 nai.'li orgicatcr 


40 mi/ti or less 


?J[^n ^51 if!;; 


> = 4S - in 


j6 - in 


< = "^0 - [n 


> = 4S-irt 


36-Jin : <=30-in 




W 


R 


W 


R 


\V 


R 


W IR 


W 


R ^W 


R 


All Si^us 


50 


10 


60 


12 


70 


14 


30 :6 


35 


7 ,40 


£ 



Tablt 4; Minimym retroreflectivity guidelines for vvliite-on-green guide signs. 

Legend cnlor: VVLite 
Daf kgrouiLd Color: Green 



IVsllic Iripeeil: 


45 nii.'h isr s^T^aler 


40 rtii/h or less 1 




White 


Gre^^::! 


White 


Green 


GiLsuruJ-myunlttl 


35 


7 


25 




<l\;eriieajd-niounted 


no 


22 


K(] 


16 
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Table 5: Minimum retroreflectivity guidelines for blaclc on white regiileitor^^ and 

Legend Color: Black and/or BlAck Hail KM 
BacUsi'Diiiid Color: ^Vblte 





Imffic Speed: 


45 nil/K cir greater 


40 ini/h c\v less 






Si^ Size: 


>=4S 
-in 


3u-3C> -:=24 
-in ' -in 


-in 


30-36 
-in 


<=2A 
-in 




M^ileri^il 




Gnti unL^-TrKi uritfid 


[ 


20 


35 : 50 


15 \ 20 


35 




n 


25 


45 


70 


20 i 30 


55 




III 


?0 


^0 


^> 


25 F 4^ 


75 




\\- J!l VI r 


40 


SO 


120 


35 


60 


100 


Overtiead-nmunted 


1 




40 


50 


100 




u 




5Q 


75 


135 




r[i 




65 


115 


1K5 




IV & VII 




90 


150 


250 



Advanivsd RjtLra Technology iriaamfaciiures a portable retroneflectonieter thai Is commonly 
used by Siati; DcptirLmcnL'i oI'TninspOrlalioc). .^n .AK T f^20 retleciii meter viis ftlniEaiiied ft\>in 
MDT to evaluate and tiainin^ ^vyi rci;<;ivcd on Ihe ^:y^i;, use, and tiecessir^' calihration of the 
IrisaTitncnt {2St). The hicihly E^nsitivir naUtnc oi' Ihc mcusursmeni. ^comitry Ttnule callhiratioo 
netessan- on a 3ign-b\-'3i]^ basis. Prublcnoi ^v-i^ic i;n\;oiinU:Tsd lUidiiji siirnpliTti: \\i^\}^ power 
chord durability', and function oi'Uic iri^gci' If hold rtfidin^s on Ibel.CJ^ displuv. OHtainlng 
i^sadings on^ifina taller tlian 7 li From ^Jiound ckvitiionrtiqLiireil the ujie oi" a step-ladder, atid 
mcasurumcnLB won; nol atlyinubie oti sii^n!^ hjUerllian 10 TeeL Lse cif theeKteji&ioji rod a\'ailab]e 
from AUT would be helpful in suub inslvmtes. bill fjcLe^s i/i orjti^f EJiese rcids vi^ji notpo^tible. 

An ahcmativ-e wiay lo ysses si;;!! tcJIi^liIl viiv in the field is the um of a ajwtiigltt during 
dayliglrtliourii. This practice [a very Jikelv 1i.j hLiveijrigirialed from a h'l I W. A. publication, 
fH\VA-RT-90-002, MainLcnyn^:c i.j1 ;>niall 'IVallic Sijifl^ QIX Vhh booJriet outlines tlie use of a 
s.potliglit for sign rcflecuvily ehwks, ami slfjleJi ihat tbi^i teciniiique is valid under tlie following 
procedure. The 200,000 \v 400^000 caridleivowei- ligbi is to be flashed from a mahttenancc 
vchielt ypTTR''\imJile]y I00-2(>f> feet away, duringi daylight hours. If the sign lights up or fla!ih-i;a 
butk, ihen ii. i!i a good (iigji. Many ^-aiiatlonsof tliis tcciiniquc are uawl by slyu; Lninspv>niLiOTi 
y^.ecicies. 

Two variations were proBcnlcid through inlcrvie^v?j ^viLh MlXi eoiployees, and also 
tlirougliriieiCT-icwof afihndei.ielept\l by Mississippi DOT for review by State l^epartment of 
1 ransportadon Maintenance B iinstua (22. 21) ■ Mi ssissippi ' ^ ^■>c^z\ igfit tecbiii que inroh-ed the use 



IZ 



oi a 300,000 c-andl^r-pov-'cr spotlighii from ^^dthia a maiatEnance vehicle. The method ^■as ver^- 
iiiioiEar to the FHWA's cn\;thotl wifb. th-^ c'xccption tltatthc sij^iia flashed from 50-100 feei: away 
instead of 100-200 Icot as laid oul hy FH^^^^2i}. MDT'a spotiifiht technique has some 
v:iiifiiions, bulrisbiJsed on shiniini; n [elt^c oindkpowcr ipotli^ht on the si^'dmin^ dayhf^ht 
}\ii\ir^ Ircim n ^>iorl iti ji;jTini nwiiy. VlItj nl ian s ol iJiis icxhmiiue in^^liidi; ihi.- yis-c of licadlight^ from 
empkiyee''i vehiiilfcs -'it ti i i;>ll. l^olH diie^^lK- ^lim^^d h-cadli^bli, h^Eitl padsingby the sign slo^vly 
wii.h ihe vehicfej' >ie;idl ig>i Ls dir^Lted in ^inouniil lu^jhioci: crtitommon mclhodslbrlhis 
Vfiri^i L.1T1 . 

'El.! Ii^I Lhe viiluiiLy ajidqaalify t>i[is< vyriHliyTTiorLlnc MDT spnlli^bl ici;hniqu-i;, h^ksl 
waft perffhrmed an fivesij^jis that %M;re near r^d/cmun. The ^i^Tis were i^MrefiiEly ijclKted lo 
abiaici values above, Ivelaw, and iieartiie iTiiriiniurr] speeiJled reflect! viLy value, lliese signs lind 
a range af reflecuivity value.^, vajyijig fi\tm l.Z lo K^. Tw.'s of these s^i^ns \vere clear the Tninirn urn 
Inquired refleeiivity; one being ju.^t higher, anti on l>eing juiit lower. After die initjal AR T 92f.i 
iiiLroref1eetojneterjiiea.^ureme]Us ^"ere taken, qualitative tjei^ts i\'tK iierforjned using vehicle 
headliglTOi in the satme juajiner thai: ^vas descj'ibed I'jy .VIUJ' n:iai]itenanee personnel fMD T 
spotlight tsclinique). Ihese five signs ^^lere at I warning signji with a yellow background bia^j 
inph 7one ajid L^O ineiie.^ or les;; on the long dimension. J lie ]uinimi.mi retrai'efleeiivity for these 
signs ;s 25. The first tign was a curve wamitig sigi^. This sign had a retrorefleetometer reading 
of 1.2, and had a very erazcdand faded appearance. At niglil; the reaction co low beam 
headliglTts uiing Uie 'pa!i3 by' version of th\; iechniqiiej \^'aii none^tLitcnt. Hi^h bcfuu li^ts ire^v 
a linnteQ tesponst;. Positioning Ihir v;;hitle pcrpentliciilar to llii; sign, the dirceted low beanos 
eiieileil no response, unci dirctdy ^innoil hi^h b=ums ^ol JiUie lo no response The ukher signi; in 
llu; eonlrol ^roijp were (estct^ in lhe .■j^irri-i: ^sty, yll ol' whitti hiid vecy gvoti appeyrance in 
daylight. Hie signs were then Itsled wiOi u spotJighl in tlyvli^l houH.. and the resullti ure 
included in Table 6. 



Tabic 6: Evaluation results of MDT Spotlight Teclmiques. 



Si^ 


Reflectivity 
Reading 


Passing by 
Lon' beam 


Passing by 
Hi^h beam 


Dh-ecfly aimed 
From -- 150 ft 
LoTv- beam 


Dtrectiy aimed 
From - 150 ft, 
Hi^beam 


Spotlight 
rn Dayli^t 


b 
J 


1.2 


none 


ver>- poer 


nent: 


very poLJr 


poor 


2 


15 


fair 


good 


gnod 


good 


fair 


.") 


^[) 


fair 


good 


good 


very good 


good 


4^ 


3S 


poor 


lan 


'■ gooJ 


very good 


good 


5 


S5 


very ^c»->\i 


excel ler]-. 


1 excel lent 


excellent 


good 



Minioium .Aeceptftl Vulue Iot Vellnw back^TKHimi, >ii/e: "iVt in^jhcM or Ib^h, .^^ nipli rciici Ra 

V>ilLie = 25 i:d'l\.in" 
^'IJii!^ ^Ign was tuj'ned out of the coireeialigmneiu with respect tB die roadway. 
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Thcic results sho^-v that tbe aligriTvierLiof the signtfsih-s ivijidviiay, po-.tition of the light 
^^■ith reaped to tlic stgn, and iatcn3it>' of the liglit snunce are all lug laclftr^ nf'iecunE Uic K;3pon3c 
of the sign. Tin; oonclusions tliat can be drawji fwm ihis are: 1 j Jfiifi t-eckniquie ii highly 
dopondenl on uorr-ct^l ali^zmient of tlic sifin. 2) Si.trtis tliar have slif^tTElj' low ar hnrderline 
nelk^[;li^'!ly vuluo^.^ do nol give ihe correct results ivhen this teckiiiqiie ia u.ied. 3") The re^ylki cun 
he yi> inSteurals us Qie ii;dini(|Lic. 4) These tcehnicines are a good basis for a replaceriieiit 
^1^ieTlLeLi prngrtmi, ^iven yign yhiiiuiicDl iseorreet. 

Sigds exarT]iried in Lhe [irr^cc^t; orevalnmin^ fhc spolh^hl technituie antl the ART 920 
were Inetuded in our lirtilted sample in Jhc B^j/xmaii A!]e-a m (he BiiHe Dislricl. The samphng 
M:fiedu[e w^<; crifsdeled tr> ohtaln a ^viiie vnriely ofiiign type;; and siiES. wlnle confonning to the 
hijihway fu[icilmaicli^!^ini:^UiwipTicsffloCinM<>ii(dria. 

I^a^dijn ihi-i Umiljcci sanipk in tht: Biitti; Dislrier. C!haraeteristic- values from percentage 
i;ij"ai^ns iLtH meei.in!; Ihc FHWA preposal Rctrorellecti'Li^.' Criteria are tabulated m Table ?. 
ni-srje EiFTiileil Mtiniple rcsvlli <it-? !n!iw;d on the FHWA proposed retrorcfleetivity standards 
previously presented in Tubles 2-.^. 



Tabic 7: Percenla^t ofsi^s in eel] Dot mtizlin^ proposed ntrJltDLivity standards 





Sign Size 


type Slgju'Cobr 


24 ir^ches | ."sO indies 


rifi Itieliei 


Legend; Bluek 
BuekgTiJiind: Yellow 


41.2% 


4% 


Legend: UTdte 
Backgioimd; Red 


44% 


■Ky'A 


Rei^ 

BuekgriJUTiJ: While 


24% 


13% 


Legend: '^Tdte 
Baekground: Green 


4i>.4*/fl 



M 



Task D - Evaluatirtii/Modirjcation of Current Sign Inventory 

\^'Ltli alrnosL4 mil I ion Tni]R orhi^iv-ay^ and aji estiinated ftO miHioiiAigrii! a^d by 
hiVhway a^entie.^ tii a^^^i^L drivers, Ihc Ui!>k to niDniror the condiiion of .ligjia is immen^t: 1l.i say 
UDe least. SevsiaJ prohlerns wiib itss^mblin^ antl maiiiiTaimiifi an adequate aiid cfniipleLe mi^ti 
ln%'entof^'.itsjn fjvirti the iainir-inltiTisivenyluneol tiimiia] oibiai^niial data ooEleciioii. Jdeally, 
several data-^iollectian items cnsuld hr? eIJL.i;L;li\^^]y ^limiiiat^d bymamtainmg a conipoiter database 
containing tlie full Jitrentniy, rTiducing L>ie ixpt;1i£ivt'tolli;fti[jn of data sucli as sign position, 
iocation, orientation, and code desLgJia:iOEi a^ gl\cn in Lhs ^-lanurt! an Unifurm TiafiSc Control 

Devices rvruTCD). 

One of the problems of ]nanagirig rstrcireflecLfiri/cd iraftit si^TJii, is i^tenlilkuLioii of signs 
that need to be rcplaecd beeanse of loss of i^±Ei-orefleciiviLy. Sii^n rcpUn^^menl-prytlitcB vfiry 
greatly bet\^'ecn agencies. Some agencies replace traf^L-^iij^ns I'jn l>)e bfBisiordriv^;r(;oinplauil!>. 
^^ticiieas otlicrs conduct snbiccrivcrisnal IrispectLiini at night. Still OLlieni arbiirarily rcply^^t 
signs ev-er>' 5 to 7 yncars-vvhich may nesnlt in i^enioval cif si^n.-^ wiiVi .■several yeiirri ofasrvitc lilc 
remaining or non-neinoval of signs ^.vitli Lnsnfficiejit retri'jreflectivity, resulting in a wn^leol" 
money. Unotieplficedj deficient sij^is conld lead to an aeeidejit forLhe motorist and a LOri 
litibilily tusc iui Iht; highwyy ii^eney, A soitty of tort liability cases in Pei^nsj'lrania fonnd tlial 
signing dcHtitni^iEs wcnetiu^l ai> a primary factor in 20 percaiF of their tort actions, second only 
topuvemcnukliuicntics. ^Vbcn only hi^h\\iay accidents in which afiitaht^' or serious ininry 
ocuiJiTtxl arc uyn&idcnxln signing dclieicncii^s rank. aii the piimai>' factoimost oftai cited ' 41 
peicciil (24) . 

An;vicv.' al'MDT si^n inventory' data made available bv- Pat Btannon of MDT reveals 
inanv prablcms and shcn^thioremncnt maintenai^ee efforts in the inventor^- program. Stilijecti've 
items, stj^;b as tonmicms, and Qondition vaiy a ^icat deaf \^'ithin the mvcntory. A mote tmifbrnri. 
objctLive uppromtb is ncedcil lo elimtpalc its mtich aiibjcetivity as possible. Tlie citrrent 
ijivcTitorv pnctices are also very rcpl auemcnlr uricaitccl j Emd arc rar<;ly toniplcLes induding oidy 
signs rieedinji repair cir replacercier]! eti firy given arsa,''si;c;tion'''njtitc. The tasc yftt uamputer- 
hased manageineiit oriented systecn i.-^ necessa.^' lo jdi;qufJ<;ly ^nidrcss the invcnlury as ft unK. 
IncoqvjratJChri of a ScanEron form to faciliiAie L^tiititnllcsniLJfi is a possibility, as has been 
suggesEsdhy Ml/r personnel fZs). 

Hie federal I llghi^-ay .^dmiJilstratlon has develi'jped and is refining a Sign Management 
Syscem (S.VlSV Thh SMS ha.'^ been developed tci j^rovide state and loeal higliway agencies with 
a predictive tool for nie in managing a sign ijtvejitoiy. SMS Is a micracojnpnter based syscem 
diac allows a sign inventory' to be created and the age and condition of signs to be tracked ( 24) . 
Traffie engineers and others responsible for sipi maintciianee will fmd SMS very useful in 
dctcniaiiun^ v.'hieh signs ate likely lo necxl replacement. Vt^luabk tools willnn SMS ineltide 
predictive mo Jels lor sign dtJieriLvnition lor varying eolor:; and types ol'shecling materials, 
racorporatiag shcefing age, solar radiation levels^ and general ^flx^a elunatjc; aiypriniHcy variables. 
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CurneriTFy, S^VIS it an IBM ccunpatibk:, menu -driven syststn thai makes assemblmg an 
maiTiiminLiig a s^ign Ln\;cTilOT>' v;jr>' .sliui^il for\'ii;-ird. Although the fmal versioji ha!^ not been 
released, currerKverAliiri?; iivailiible yr<: tiaor iii'^iidlyj ;uul functional. Alo^ic flow diagram Is; 
showji LJi I- Lgure 4. 

VinaJ determiriatifi-n a?i lo whvSn si^ia mrctl inun-i;tlitilc ^placement, andnliich ones oould 
he left ill .lerv'ice ^^-nuld require lieli] vcriJitMilitm. Propa- use and vcTification of SMS inodels 
ajtd data, pjieventunneoess;ary sign nepliiLerncnl. asii^i hi^h^vrtY agencies ii:: locstdnj? deficient 
s!g]is, use limited inasntenaiice fiirtiis [iiore elliuicnUy. and aid in projcciin^ future biidEetary- 
needs. 



Figure 4: Logic flo'vv diagram of SMS. 
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Dftm requJTiemenTs fbr ^Kf S: .-ire more exrcnsivc and dciailed thfln ourtnT daw coniaiasd 
■^v[thinmoii. Hivernjfiry j^rv^^ramR. buiis [Tienficuied b^rnre rriL^iny diLa lieLdwilf not t}iar3L>e or 
iificd 10 he updated on a regular hai^ls. A .-sample ijri>ie daLa-t:Tilr;v' lirnmal far SVIS i!» iiicladed in 
Tiible J^. 



Tabic S: Sample Data needs and format for SMS Progj^m. 




LOCATION 



IDi 



ROU'J'E _\/V\lH/^ 
(<Ali-R> to see route nfi^nes) 



INTERSECT 



POSITION 



MlLEPOiKT 



Oh'^SHT 



HHIGHT 



[D]Rh:Cl[ON 



ORIHNTATTON 



MLTOD 

(<Aii-M> to aecM[]TCD codes) 



STZE.j W H SH£iEi;iNG 



M.VNU]-ACJ'Uf:l^:K 



IKST.^L DA'I>: 



C01V1HLKX1I Y 



spnEi; 



JLHGEMl 



BACKING POST 



USER DEFINED 



INSPECTDAIK C0NI>III0X ACl IVITV \fEASRDR£i: L B 

(<F9> Average Xeadin^ti) 
MAJNT RE.Ql^ COMMHNtS 



RESULTS 



AVAIl.ABI.H Ra: ]. H 

REPL^ACEMEKT DA IK 

RBQUIRE:DBa: [. H 

{<¥}> DISPLAY Special Key!>) 
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Task E - Condusiotis and Recommendations 

leased Qpon the jii^viou!^[y djficusseil \^0r>(. Ei^^rivuy wlnd\Jtlc<l inPhaai;! - irC, mccrings. 
ccifnespnndente, intejvie^^'s, iLieratLut re^'le^^', equiprncru iniIi^nlJL.m, nclleL^lititv stunplL? 
rr]eiis(ure]nenits, i^lgji iiiveriiiirj- evaJuatin]!, eijc. - l>it: RilJyvving preliminNTv TKL.inmicn(.lylionB art 

1. Iheiiational treiidby SlaLeJ^QT'smriJspynscty liitprupo'-cJFHWAniiDiinmii 
Siign ]ieuifireflec:ivity requiTemtiTil ]?i v TuiiIij-yfcirpIfiTi for Lampl el e highway aign 
feplacenieniwitii high pe]tarrniiTii:c [bi^ iTilensuyj sfieeling. Jlie MljuLniuj DOT 
should !^triiifiJy coji slider Tlie j^tic. rrfiwever, il may he priideriL ici Jeluy lull 
impleinetTftaliouof this deci!;io]i 2.^- [^[y\'C.D adO]itLon of requirecnerits; may he 
tabled as a '"poiiticady iucomect unfLuided jnandate". 

2. Use of die portable icflcctomener equLfij]teitt^ART 920) in the field for strict 
mcasmcmcnts of sign reflectivity is cumbersome, ti]iie consimiing, labor 
intensive, andtiiiis cosdy tinless incorporated with othei' tign invf ntorj' data 
colleetion. The utility- of tlie FH^VA Mobiie Sifin Reflectometer Van as an 
expnlKe measurement tool slionld sail be investigated, possibly m Phase 11 of 
thia atiwJy. Contnollctf apotli^if assessment for sign ri;plaKmcnt due to 
Oijnini.'ibtd TcJlctLiviiy seems lo be a v.i(jrkableitltcni(Uive. Dcfmiusand viable 
pnocedureii Ibrtlii^i 1 ecbniqiie ni^wl UJ bi: esl^jblished. 

^-. Preliminary sign retniTieflectiviLy inejj-^ijnirneriK talcen inihe l^utts r^isiritl. >ias 

alki\>^ed ihe deuirrninaii^iTL oJ"a siuie^^iUc sftrnpiiTtji plan to he crtriduciedinFhyw; 
II ol'ihc sLuJy. This sampling planantl meLhwlology ii- baaed ^n minimum eeU 
rctpfiranenls IbrsLaLialiwsleshapolation and ia CL^naialenl ^^ilh oLhcr similar 
samphng i;onJutLcd by FHWA (25 ). It also eanbe aeeuraphshe;! williLiillie time 
and budgel CMTislntuUi: of tliercscarehcontrRel. Tsibk f details ihe minunumtcll 
maLii?t prujeeuwna Ibreadiof the live (5)NIDT DiiilrieLs. The ujlhI minuiuim 
Sl^ilewide ann]ple oreTjlEmuled si^nK^llceliviLy TncNJiiirerTicnt^iS lOOD fjT 200 per 
l^isErici, for hoili rnLer^iateard non-inijcr^uiijc rmcilities. Iii^ anticipated diat Ote 
interstate .-i^nple niquir-enienl will be r-ujlilleit by cament wcdt in progress by 
C;il2M riill rbrMDf. 

4. CiuTiently, ilieniifi no ^i^nificaTii. ortnn.'^i^iLerLicoileccioLi or niajiitienance of sign 

inveiitcir^' data for witlier Lfin liability dcicmTientation or i^spJacetnejtt management. 
Studie.^ b^' otJier siatjes have emphasised tliat ^^hiie JteeesEaiy, the institution of an 
effective sign management system, widt the associated data colleetion is a costly 
endeavor. Recognition of tliis has led FHWA to develop and offer a mierio- 
eempuierliEi^d Si^n Management Syitcro (SMS), wiLh sirppyTtajidtr^iiniiig, to 
Slute Df.lT'A. It i!^ recornniendcd Ibui MDT fidn>pL tiis. s^yj^tem tor the stated 
puTpo?^. Et Is fiortiier prfip^hsed thtit u.t assist \1I5J' in implementation of die ^MS, 
die researcli i^tudy conduct a pilol LleTr]Li nitration of thii^ i^yi^tejn utilizing sig]! 



IS 



inventory' data collected in the Butte Dittrici: by stadcnT volunKtis from The 
Insutuie yl'Tran'-pyrLfiuonEngiDcxrsSiudsnT Chapter nt\-10TitaTi;iStiirje I Jiiiversit^- 
(MSlf-ITT). "Qii-i; eym^cpl hui> bcoi prcviou'ily (.lisi^usseil and coordinated wiih 
VIt. PyiBrannLJnOlMDT. Hnyl (JcUil^orihijj v(>;LiTiiJ*erefTort between Ml>]' 
uTid VTSlJ-ITGrnii's!: (ilill be tici-m I iMclL 



Table 9: Proposed d[sthct sjunplitig schedule for Montana sign netlectivity study. 

Si]^&pcT Cell: Mininninn>r2? ijantlonoly sclc;jlcd U.i be reprc-jonlfilive L.ircoTidLli(>T]>i 
jin:[Bdi[;lion-widi;) 
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AJU^'iew.p.f .KajoABj J>.epaitiiWTit i>l JVunsprtrtaiiun^ R4.-f1i-ctivFShc^iis PalLcy. Final 

HyH.R. liusKllandM. Ryr,, \W1 
Rjeport N'tunber: K-TEL'V.V": KSL-i^^^S 

The mam obj^cTive of this, szudy wan U> iifU'fffziyif ike hexi. i.uxi-f.ifjki.ih-i; pv^hy, 
consistent with safety, for sj^fj sheenn^ mai^/'iat to hi^ used on j;ig)i.-; and Lf^fvunaciiari 
work ions traffic cojityoi de^-iccs on Sture- highwa;^.'; In Kar.sau. i'hi; in\'t:xii2i::tiiijn 
conaistcd ofr^^ii'.win^ Htayattsrc. conTJCzin^. knowkd'^cahie trctffic ^ngim^^rx artii 
rssi'itrch. vrjr}duct}fi^ c s^n'i-cy of se!\ictcd States' practice, conchici'ifig i:i ii/c-c^'cii: atxi 
amily.iii, and ravirrvir}^^ a pn^vioua refieetjvc sheeting study conducted for the Kaftsas 
Bepcfrimi'.m ofTrcfnaporiaiion (BzUomo-McGec Iy<e.. i9H\y. Amofig the conclnsinns iif 
this stijd^- f^i: ihi'- foUcfwin^: (I) Kijnsas {or any State) should not change an} ptyUcy fyn 
si^ r^J}ti:i'fv)iy af ihfi iina: difc io the extensive FHWA research program midet'vi'ay. fJ) 
The irerjdif ioward high-perfortiiance sheeting, on aU or rtioii traffic signs, (i) Ft>r 
irnjfic i'.onirol fXavU'.a.'; in i:Qn.iiruvtionv^ork zones, the trend is also toward high- 
pitrfffrynainci: di:vicf:. {4} Thi^ra i.vaytntji' bii! ^owin^. trersd to lise }iew reflective 
muteriiii\ witii thitt: iirni-s ih^ ttsro-ff^Jiix-iive vaine.v ofihe pr^.wnt high-perfo77nance 
niuti-riiiis; ill if^n.-ii for i:yitiCi.ii or spaclai ioi^QHons. (5) For hi^h-spei'd highways, 
iinywhcye it Cfitlcai vehicle mont^m-i:f :.\ y\{-:<.\!:.<i.'iii.Ty (.\siLiisi (irc.fjt:: of rylcdium io hi^h visual 
(rofnplt^xiiy, highi-y \'aini^!\ if sign luaur^uit;;.'. ay{.'. ntipiirad fur safety. (6) Oide.r drivers 
aye. iyKircOSiyig in I fit: iJS driving pupui^jfiun afjd thdr vbjuil ni'.eiJv are ^paier Oian those 
<.ifyvfiingi:r drivi^rn.. The higher rf.iro-rifmaye pyupir.riii:s [?/ hi^h-perfbrmaru-e materials 
e.nhuni:E f;iift:ty, jrartiLuidyly oftiidc.r drivt^r^, by prio-jding gJeaier vornpicuity distarices 
and .^li^htly ini:ytii\£:d iegihiiity difUvn-.i:^ ftr afty given Sign si7,^.. (7) An analysis of 
n-Li-y^i hid diiiafrt'iyn Ki}OT showed a ii.nv(.'.r anfjTJi'i iife-nyt-ie cvi'i Jbr hi^h-p^rfjrmance 
.^ign.';. (H) 'Tiie Ct>tichiS-ions oflhe I'^^HH }Mii>yn^^>vici}t:ii im:. iieJUcSivf. shatlingi :^Sudy 
wi:re walid and appropriated hii.<ied oyi luiy civaiiahis .yiudie.w 



Joui'nalj Better Roadt, July 19tJ5 

[>-'7jf ?i cojnparing si^. materiah. consider cost. wcirrf!:iiity, dtiraMlity. visibility, 
reusability, and levels of performance. Even if mar agency is just considering an 
upgrade in materials, all pwrameters urnsf be cofvered. A discussion of funding coTKcrns. 
cost ay^l beitefti.^ us.fodoi^d wiih .^ign^^^i'. opHo'v, TisibiHty reiimri;yyii:nis, and i/Jiestionn 
ihiii yiei^d lit he iUtki^d hi^foye yniiksng U .sign .\hin^isng ynHteriai purcha^i:. 
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Compiiti^nai^l Sifflt Imenrory FeAsibU1t%' Study 

By C.E. Ku^^ C.G. Thoi\ H.J. Mcllicliii. and E.W. Siokcs, 1994 
Ri^on Kumbcr; K-TElAN: KLVKSL^t?4-.^ 

7/7i-r o&/f (:/!V[-:s of f his uSiidy are to cvah<atG Kausaa Dcpartrncni ofTrjfwpiyffalinn 'j; 
fKDOI) rjei'-iiifar si^j- irivcjitor}- iiara ojidUifdyryianoti: d\ii\irmifjs exisririg .wf!ww^£, 
kaydwiirii, fiiiiabd'nr-. \md-\iiho log^n^ n'-aoi^.rccs avaVtahh m KDOT; atid invi^.^fi;^a:£- 
i.n'd'di.thit: undpfjiii.yiii<ii \l^n iyivcnHtry upp^iciiifons yvfi^^'•il'•i'■ v-^'hich is compstibh -vviih 
KD0T'.-< (}f.i}irf<iph'u: fnJvrTuuiivn ^yiia^y (GiS) diyf^-ciivay This n'-por! sunmiafjzcs 
/•nding-.f and rmivmfne.nduikfn.-^ to KDOT for esiabHif^m^^ ii compiiU'-i'izcd stoJewidc sign 
ini-enltify .\[^.<,it:ffi. 



Ry K. ].. Hiack, S.R [[uftsaJn, and .I.I'. b^aniaLi, 19^2 
JauriiaJi ILK Journaf. Volume \ujnlier: 62, Issiue NLimbcr: 7 

The resi^T.i am pi's.'i^nted p-om The receyaiy cofnpIi^!£d .titaiy. 'Service i.ij^ fyf 
P.ctrorcflcci}vs Signs", completed hy th^ fedemi High\iQy Admifisjinai'uyr:, which 
investigated the factors that cause th\i det^riiyrafiiyn fifrcirofcflectlvs shi^e^Singayui 
ultitnatefy- reduce the elective .ier\'ice life ofss^m. '/he atttdyfocu-ted oti fki^ two mA-^i 
cotntif only used sheetinga: Type U. engineering grade; andfypi: IH-A, high-performa/ice 
grade. Tue FHWA has dirvcloped a sign managem^yit j;ystef>^ for ^nanaging sign 
rcpiacsmcnt programs and for u!tiinitt]ily assisting in maintaining aminitnwH Jeve! of 
retrore/lectivi!;}'. Theahi'iity toprcdicnhe service life of a traffic sign is essential to 
implementing the sign ma^iagemenr sysrem. To occompUsh this, .itudy ohiec:ti\'ej; were 
estobiislied, the first of -which focused on the factors that cause sign sheeting 
deterioration. To evaluate the deterioration factors, a national data collection effort was 
undertaken. Thm paper provides an over/iewof^he data collection effort, and selected 
results frotn the sample data set 



Dev Lsf B at Cons t mctiQU Work Zones, Final Report 

By £. A. Alimcd 1991 

llepoiT Number: FHWA.OK9U0C). 

The overall ohiective of this project was to evaluate the relative adeijuacy of the 
engine-erin^ grade, supe.r-engineering gradi;. HFuf high-inienaity giadi; sht^efings u-hf.rj 
used on traffic control ikviecs ai consfyttction wori: zonci Gvaijiaihn crLiarin lrtt;hidt:d 
driver viaibiltly needs, durabiliiy ami eeoi-ii:frriios, and othiir pracUuti consiikraihtni;. Tv 
ffieei the objeciivi^'/ ofihi.<^pntjcc/, a. r{!:.<ifiar{:h phm i.onslsiisig of ii.i*:roiurf; revif^w, 
CO F ! iro i ; ft'i i/ii: id e xpi^r iinEnis, n-al-t] v W d f: e Id i-xpt: riynen ts, C C elera I ed n -e at her ing te V t.i, 
.lunvy iyfOkUdtoma irafjk- ctiritroi coniractorf:, i^uid economic analysis n'ivv adopted. The 
rt.-.iiiii.'i of these ia.<ikx fonued the basi.i for the findings and conclusions of this study. 
While the higf {-intensity grade sheeting has the highest target yaluc oftlte. three sheeting 
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gfadss. the tradeoff hi'TWi'C?! dc7£ciif>n and hgiWity i>f Srajfic Ci'yn.m'il iigFLi \\.'<is 
'riii'.rprSied fa fiivitr the uj? of7hc.';iipiir-\L}igiJi£eriH]^§riii:ie on .t^^n.: in hoih nrhfsfi orjd 
rural cormlfuciion projects. DurabiHry-. cconomict, and other pyacikmi i.<i:^iii:s- 
amphiisizml by trajfic control contracToya aupport th^.i condn.iioti. A'everthei'esf:. mt^ vf 
;hi^. hi^h-inOf-i^-iHy ^iida shi'-etmf^, in urban connTmcnon pnyfects may h^ Wi:irriif^.!ed u! 
/(.laiihini; w!ih viii/ai dufier ufvi excessive backi^o^jnd ^E^/ff.T. Tiie beneficifal sfj'kct.t uf 
up^iidi-ni^ ihf. fypc ofsh^-itiii^ used or; barrels, barricades, ojidvcrticai panels J'riytTi 
i^;igifii:f:j-in^ !:;riuh'. to hi^b-ifit(ffisiiy ^ade or surfcr engineering ^rade ^^^ere deMon.i!riit'f:d 
hytkc .•sl^iitjlcifini infF'tviv in both the detection and recognition distances ofrkese 
di-viL-^s. Y^t, thfj hi:-rie.Jit.'< iifvpisnuiing lo vhe high-intensity grade v^ere found to he offset 
hythe signiftcitfit 'tncnm^ib. in i.:ins, the. li^^^f durabiiHyofihi'. fneeting nicncrial. and the 
pnybkm.'^ withfahrscaaoi-i and handiitig Up^radin^^ fo ^upet -engineering grcfde offers 
the fyiOi^T caat-effi^iAivt: and hui(Jtyv;i'.ii <,t.)ijii.'Vn 



hy D. M. Hum?:.., l.,A- l-^avelka, ajidR.].. AiiJiinu UW 
Jf>ur[ial: iraiisjKsrtaiLnn l?e?ieai\;li keci'jrJ, [■i.^uc Nijnibcr 140!J. 

ConstritcTion tvorkione.'i (CWZsj are a fyiajor ciiiii.tf of concern far fisgfiway and .\xifety 
en^neers. At ojiy ,gtven time CWZs constituTC only a smaU f -action af the iota! roadway 
mile^i. Howinrey, tJsey cir-e the site of an increa.iing mtmber of roadway accidenta £ach 
year. The. traffic safery iftdustryhas attempted to yespojtd to this problem hy providm^g 
brighter retrorefiective ^iign inateriais to ineyea';e the nighttime visibility of the C.W2. 
The e.qtiaUy important needfoy incyeas-c daytime visibility has pyompted trqf^c eng^itteerx 
to experifneni wUhfuorei-ceni colors in the CW'Z. Fluorescent colors have outstanding 
t'isibiUty itnde.r all dayliglu driving conditions. I^\en so. fhiorescent colors have nevey 
iidiie^'^d widespycad acceptance iji outdoor signing applications. Tne primary ob.<;tack 
hfjf been the very poor color ifiibility of flufjrescent signing maters. A typical fluorescent 
nmdway sii{n h^if hit tnufi. ifnai all ofil^scolor iv-UMn I year Ofif.n if ?"; only a matter 
ofmonihs i/r weekc;. JlevcfU ik'velopntenis hifve resulted in a yedefiniiion of contribution 
ii^ai. jl-Ltorufceni i;o>ur.i van tnaki: to'ward impyoving traf^c .fafely. A fluorescent 
reirorejleciivi: vhi^elin^ tvHl; volor durabilHy simila'' ta exisling CW2 sheetings is now 
available. Afield study was run io compare the yisibilily perfbrmatu-^. of this fluorescent 
reirorejh'.cdve .wheeling thai of conventional fluorescerufiifis and ordinfuy retroreflecti^e 
maii^rhJ.^'. Thi^ rei?jV;y of the <iludy indsirrff. shfs! fluorescf.ni rf.lrorejhciive sheeiimg 
priMdi.<i, beiicr dnyiimi; fsnd ni^^^luiimi: vi.vi.b)i)iy than dff ofiUyjufy signing miis.i.'.rials. 



ICvfilnatian.^ Qkm!UidJGLra.cltJififlfiCfivt>ilieetiiie, KlimJ Itfiiioil 

By K.R.A£icnt,l<>?3 
Report KnmbcrKTC-93 -8 

Tlie. objedive of this project 'wa.i to fiwniior the perfoyrru^nce. of the diamom-^ grade 
shf;i'.imgwhi:n ii.-ii;d oi^ histh tvp/cai traffU: ■'^ign.f (sriLi LonstructiOn sigfL\. The diir<ibilil\^, 
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app^aramr^, ondfcfl'Si^'vJtyofth^.iignfiw^r^njoninored Diamond grade- shet^iings ti-Kd 
ofi typkid nci£fiir \f^i- u-'iTC evaluated ovi^r a Uu t-ycar p^r jod with cofistrucnofi si^n^ 
cvahi£iTi:d ovtr iin U'\-ni<.insh period Diafmyfiii ^radi: xfiaehn^ waafbimd fo provide 
increased reflecTiviiy ctttyifUBcd to high mt\iJi£!Ty- shcaritig •^•'ith nn prvdk'.ms fioted relnred 
lo durabitiry ay appeontntif;. i lo'-n'-var. ihs coat of the dimttofid fjrmii: i-heeim^^ would 
hjjiir lis u.TC to simaTiona v.-ayf^. brighiar. ■M-ider-angie > i^fieciiv^ \kEi:iing »■ \:-iirrantsd and 
The nicreasnd cast can hi:JLt.\iijW.d Loeaiiojis -wkcre The iwt of dinunimd ^ude fhecting 
should be conjiidered hecau.^t^ of Hi; hj^her rcflectjviry iriclude ii^a: foilorvm^r (I) .y^'^j- 1/? 
areas with hi§k kvels ofomhianf iighiiH^; (2) workzoncs {expecialiy in nrhur} healions) 
where tlie roadway envifOnyy.tiiii If visually duTtered; and (f) high ace idt^Ri iocfiiions 
J7ivoiving a Ttj^hnime i^ccidetif ptobk'-m. A location where use fyf diamond grmk sheefing 
could be considered becoiiSt^ ofiht: irn:ri:iii-ed vjeuing angle wovid he /nr or^rhi^iid :i^ig)K 
in urban areas. Tliese increased an^ii^,\ ^^-vuid or^iy be a factor Mihen the drii-i-r i.'i 
aiictyiplifig to y-iew the sj^,n ai a UynaiiQry diisv. io the sign -vrhich could hs the situ^j/iofi cti 
jtrban i^itersections. 



By Coiiinioni.\icalth of Pennsylvania l^eijarlmeTTl i.^'Trmiiporasdon. 19^3 
Rjepori Number 4700/AHB f7-j{i20) 

Naw tmprn^ir.d groiha of reflective sheeiin^ materiai bf.-i.ami.' irvailahle during the past 20 
yitsr^fiir u.-ie: vfi irajfsc sigflS- to provide hnitCr m^httifrie fisibiUiy under heudiighl 
dlnmin^iiiiifj. Jhnse new grades are not only hrli^hi^r during hi^udhght iiluminaiion. but 
ihay orv. also more durable. This paper svainuitt.-i ihit.'m mnua^rials io determine their 
rmypfniiivf. vosi-effeciiveness. 

A. revif.-w oral aniilysia of Pennsylvania Depattmcnt nJTrnn.'iporialion's use of 
ri;troridUeiiv(.'. sheeting grades, eomjfarj.ton tyftht^phywiLXil differences, cost 
f:jft:i:tivi:nt:.'i.i, attii fcffi^iy be-ucftts between the.ie ^tudt:.'; iij^^heming. The 
reaj/rtrni-fidiUions wi^re fo convert all warning sign.'- that arc: currentfy moikfrom 
engineering gradt: .fkaeling io high intensity reflective .'^heeling maSEriui. This conversfon 
ihould he pha.-\i:d in UK rapidly as the Department can upgrade if^ie nea.-jffary 
kill 1 1 dling/a tt.)f' ogn ri<q ? i ire n^enis. 



Evaliiaiirtn <hrH[:trTurt.-fliic:rivt: ShfetiasB for Us e on Hftidway 'l^rafTlc Siftn^^i 

liyS.A. AhlTlKL 1994 

Itepon: Number: Kl [\VA/f>K y.S(D:?) 

J^j^^ primary objectives oj ihi.i r^senin-h were to evaljMte the Oklahoma Department of 
Transportation 's (ODOTj policy im uxe oj reiroriifiei^.-th'i; wheeling prodj-tets. and to 
idf^niify mty necessofy changes to thispoiicy biisftd tm driver ■vi:i^JbJliiy ntr-eds, durability 
of sheeting materials, life^cycle cost, and inker pruciii:iji cvnxider^sS'ions The aeope of 
ihe study included three rypesofretrorejlecti\'e akeet'inga (eitgineering grade, mper- 



^ys^'fiseym^ ^^adi}, ai'id encapfiii^ni^ii-U-ni- hi^h-iiti^itsi^y ^'Hi^.^ihj^, fiye shseimg colors 
(whjjii, red yeiloiv. ^>rt?er,-, <ind hhif.i, i^nd fwv ii^fijift^ficmkm tni^ihoiii {icrsi'nin^ and 
overlay). 

Thi findings m thisstud'j .::j^^i?.T.r ir^tcaihc .\tyt:cifiCii!;on i'f/fy^f^ Ilf-A ^hi^h-'imenaiiy. 
cyicapsulatcd gkiK-s bead f.hc^iUip on oil red afid }'eUoiv .iipi.t, as tvcil as ^ret^n amihii^^ 
si^.f^ on interitafc highways andfrccMoys ij; Siytjnd and defef^sihh. The feqi^ireni^fit li-mi 
type II-A (iifpi'r-sn^m^ying, ^yadc ihccTmg} hi' used on aH other Traffic sigits. excepi 
oran^^i'. cohrcd sit^as. needs to be examined. Altho^igh The injtrai cost of sign /hbricarion 
for typi' ^fd-A. .ihsi'-iin^i is 25% to 65% higher ihan ihaT of type lI-A. lif?.-cych cost analysis 
indicates IhT^f iypelU-A Ja more com -iffeeth'e than type II-A. Evidence from risibHiTy 
diafanci' anaiyses and subjective e\ahiaTions ?nade by she tesi sjjbjceia au-g^^esT tliaT. m 
iiddiiivn io ap-^roiiii^g sigii TfJiiif.riah io provide gr<^.au^.r hi^ifiimca. farmer si^ size and 
ii.<iief aizt: art: nt:edf:d Ui <,Yj/i.<ffy ih^ miri-iffivrn. ff.'aiiif't.'d 'v?.\ibiiiiy di.-^!iifi::f;</, UiirSJCl/hjrfy ai 
^^},^ .i'pi^nd, hi^h trajfu: vohifni^., and hi^h vi.<,?jrj/ tornf^icTiify luLuiusna. 



W\ ^-\iiUins\iy Ke tlc ctivf .VlatfcTiaISi tVtr Sij j ns 

RepLiU \iirrsherj keMarcJi Itepcirt^ 1^7 

/■ ji'/i/ N/jAtrvarjVjn.: afia hborat^ry ie.'n.t and cvai^anoi-L^ wf:r& coiiducTedon High- 
Stii^tiaity and Hytginsefin^^ Crad'^ maiirlah (Sc^ichiitej. mamfacntyed hy the Minnesota 
S-'Ilmn^ and Manufaciiii-'in^ Ctufipany, and ivt^.f-t iiamf/ar&d in regard io rcfiectivit}.'. 
darahiUiy, and cosi. 'ihe fii^h-Intenssiy irrnde materials were found io have outstanding 
ffinjofinanc^ charact^rlMlcs in cotriparisim to Engineering Grade tnaTerials. Hie 
maierial Jiignifcanth enhoncea aign kirihility under lfy^\-bea?n illumination, and 
accelerated neadiering tesT.i sh.aw&d szs^/eriryy durability:. 



Iiiip!ementaiTnuiitiial£gjUa_fiiiLS^ Retnustltctra Ji' Jatandanla 
li>' t^.L. HJack, H.W. McGec, aud £.F. Hiiaaain 
Iteport Nimibcr: IA6 

Mini?m/m rcirorefl?.Ctt\-!iy Stafuiaydsfor Sfqffc Sigra i^re i:Krn:nSiy ht:in^ cffnsids:red und 
indicaiions im: thai i^fandafdv will be rnvtiti^ted in irie yieau- future, i^riijr to Jhe 
establishTne.ns ofretrvnfierjti^iiy iiandcirds two liey i^aues mu^i he addressed: { !) htrn- 
wili the siorjiUjrds be impiemensed and Q.) ho'^'n-\uch will the standards cost furisdicTsons 
for repineetneni ami tnairii-imancf; r.u.-ih-idf^s. C.urreniiy. Only new purchase specif icaTJons 
exist fur pi<rniant:nS and St^iyipurury Srajfa: .slgn^. 1 he reiroreflecttvity specipcaTions 
mi:asjsri:d in lerni.t o/.\pi:€ifi€ intensity per unit area {^!A'j are yelaTcdto mojmfacTyrer's 
warranties and vi^ere not estahlished hased an fnoToyist needs for sign legibility. 
Minimum retrayeflecTi\?iTy STandctrds for traffic signs based on legibihfy reifuireMCTtts are 
needed. 
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J7Ef re fi^orch found ihif! f/tf economic impact.'; ofstondayds -wiU be hardsjiifeh hy city 
pfyiSiliC'.rnfy^.'i Ihin py bacmiSi'- oftfsc rclnrivcvy poor condition ofiyajjic sign.i on city 
rfjtiid^w^s In addition, di'jicicjit ^&cn signs accouf\tsd for a disptyyportioncstc shays of 
repfcici'-mi^ni casts across ai? Jurisdiction r;,pcs. Crc\i}i sheeting, cspsciaUy engineering, 
gf-ade. has raihi'-r /cih' retrorcflectiv^ propernss. One of The minimtsm srandardx ie.tted 
hcrafbf jL,'7'f*!Ji sfii'cting Mr-iis acfuaUy higher Than the deUvcred fiew spscificatioti 
p\<;;^aihiid by sUiias or^d iha FIIWAfor snginesring ^ade sheering. ijround-rHcanTed 
^i}i.ii< .^i-^n-y iiiyt i6:nd fu ba (7/ kiisi n\^ici'. US lifrgc as stojidard warning and regulatory 
\ign\; iheri:J{)rt:, ihf. l-.(jji-; it) ri^pioci'- ground-fnounted giiidc- si^n is nearly double that of 
{fiber traffic ai^iis. 

the reaearch ri^pOrtcd heri^ H^.\lEd m-o .-^'^i.-^ (if-, io/y^f^r ayui Jippar) ofri^irvrtfif^xUvi/y 
\tundoi'ds. 1 'he It) li-er aiitndard:- sho nid hav« minUnui evonumii; )niptx:i.-y on fnayi 
j?iri.\diiiit))z\: Ib)Wf;\'t:r, ibe uppf.'.r .flafidifrd!^ witja'd f^TJVf^ fsri exirf.'.yn{; mip:s(:t on signing 
bnd^i:t.<i. .Miiinii^yuinL€ fit the upper .•j^Sandnrd'i Ctjvld <'.'0^'i iyvt.) So .yjic iifrn:<s on tnm^b fii' 
Currf^nt hudget.'f. Ths cAtuhiiahinkyU ofrf.trorefli'.i.iirsiy.'iiiiriLiiirti'i bt^iween fb±- iwt.) i-^/.y f)f 
Utilndords tCUtcd buri^ tv^tMtid Stiii bnrdf:n .•^oryit.furi.'idii.lbjn.i'. ii^ywever, ibe ^miici/Kiied 
herte^fits of reduced liahiUiy and 'iniprt)vi;d pnhi'tc .wiftSy couid lyf/ksi ths additiafial 
inaimenance costs. 



iR vealijjratLpn of the I^Ribilin- of sign Letter and BafkgrouiidTSpeCombiDatioiis Under 
Vnrions Conditions of Weather and Vieain|J and Dnrabillft- of Rjciflective Sheeting. Final 
Report 

Hyj. A. Wagner, 198^ 

Report >Jimiber:FL/DOT/SMO/357-a9 

This study iTivestigared the durabiiity of sign. face materiais throi^gh. field surveys, r/ji; 
effecT of-iveatficr conditions {de\^. misti. fof^. smoke, and rain) on sign perfonnance. the 
effecT of si^iangiiksr position on pre\?emiiii'. the specuiar mirror problem, the zffectof 
sign lateral posidon tfie effect of tnaierial cojnbinauons on iegibdity and detection 
distances as measured by small aign elements and through a survey of large guide signs 
in three Florida cities. J part of the investigation .set the level of specific inte?isity per 
unit of area mcn^king the endof.tei'vice life for reflective sheeting and acrylic button 
reflectors and the level of appearance for nonrefiecttve porcelain enatne-l backgrounds. 
Recommendations are made for an updated specification for reflecuve sheeting, a design 
policy using certain material combinaiions.for different ■^veather androadwiP^ vitwitivns. 
improved conirol over screened eohvs, vse of Type J! 4 iheedfi^. an^pib^ir mouniing oj 
ifign^, andoihar iasu^'i- 
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Legibili ty .nf F re fff ay CuLde Si^njt ajt 'Dcfcmfi^iirji by Si^ \'ratc'rUls 

ByR.W. McKeesandH.D. Jone.^ ]yS7 
Jomiiiil: Tranaportation Iteaeaich l^cond ] 149 

Ir} 'bin paper, rssidrs of an opcrariona! .-rfurfv' Jyr^enii^ctting r^e icgibilizy dhUinC'L' of 
i^nlv^hwd oviirhead %uide sigrts are preacntcd Opaqi^c sigf-i back^fourtdj; a.t wehas 
en}^fu'.ef: ••npi'r-cngmi'cr. and high-imc-nsiiy rcfJecTive shcciwg.i --vcri^ a.ii^d in 
combuiation with Iratton-rsmcfxahh and high-intefisi:} rcfinctivc cop\. 'i'fa^re wn.'; no 
sigmjiamt difference benveen lighred and uj-iUghied iigrj; by.tign maieriai Si^vfttaf s>^ 
combns^fions perfor-rne-d bcTfothan odier.i. Eupncer refiect^ve ihecfing wan k'gihii:ijS 
more than 900 ft. Borh on the lighted and on zh-e unhghred routes, wh^reoj; en^lrtcar 
refiecfive iiw-eiin}^ with high Jutetisiry s:ick-on co/?>^vas iegibh a: f'/^ft <;Jighiedj and 
6^16 f{. (unii^hii'dJ. The fviiawin.g comb inarions weye vjsibk' a! more tfam 800 fi: s^ujf^r- 
ani^nni^ir/btiiion, high-iniennfiy/i-tick^n. arui ^uper-sn^near/aiick-on. 



Mf thoJ»Los>' to Rn^rit-^v Cuist-Effectrvfe Hisli^vay Si^ii RetroreflectJve Sbeeriojj^ Policy 

By M. Rys and E,R. ^us^W, Sr.. 15^3 
Ji.''umal: Jaiimal orTransporUtUwn Eii^ini^tiin^ 

Konivas SUiti^ t 'niver.-iily ct'inducSi-d r^.-.^eufLkJitr Sfie Kun}i£i!- Dapurtimini of 
iyarmpoftation to ^rahiate tbi^ir retri^nfieClin^ .\iii:i^iiyi^; jtoHcy. Tfii.^ paper pri:xenis ii 
yecomfiiefided m^jhodohg^- for condact'iK^ a Ufe-cycle cost analysis ttsing Kama!; cnai 
f.gure.i jnd hid pncc; for tivo sheeting iype.i a.'^an exajnple. A 50-siate .w^n^ey uncaven-d 
only four atmss that had e\er done mti economic ayja^ysia ofsignsheeiing. AU ivete old 
.iHidiea atid nrme -uficd Ufe-cycU ctt.'^i-anaiyxis technique.'^. Three iypej; ofai^na wttn^ 
anoiy-z ed. it H -af. COnC lade d th at Kan. <;hm pttiiCy tif ti v i ^^ .V igyiS >i- it h h igh -pe rforym. \i\i^^ 
sheeiirt^ 'vcoi co.'^i -effective, 'i'i^ieae conciin^iona aie not neceivivarily valid in oiher .-^iaitt.-i-, 
atid ofiiy i\\>o tnatericd.'^ were used in the e.ia.'npie hecausie vahd co.it figure.t Wi:re 
avaiiahie on onhiwo materials. Ananoiyjiia of life-cycle com result.t made avaiiiihit hy 
.severed !?tates would re.tidt in a aigtnfcant cantrihution io nationwide re.'^ultj; on aU 
materiah used in the United States -under actual conditions. 



hyJl'. rajiiati ajid DJ. .Vlact ]^<?.i 
Iteport Number: niWA-KL>-y:3-n77 

Tnis summary report presents minimutn retroreflecttvity requirst>ients for traffic signs by 
seeking to define, the rftinirfmtft nighuitjii' vtsibiUty laq^iremani.-^ for sroffir.: i^oiii'ol 
df;vi{:i;<i. (..lUTunSiv, ni.tliiiiioi ^ideiine'i fe^ardin^ ihi^ ni^fiiiifnt: vhihiiily of.\ign.\LirE 
iimsit:d tij the .'^iijTuiaiiOfi irt the .^anuai On IJnifiyrm Traffic Control Devices for Street-; 
afid Highway.^ [MU'i'CD} that nU warfi'<ng: arid regulatoiy signs be illtsminated or 
refectorized to sho\i- the same coior and shape bydo},- or ni.^ht. Given the wide range of 
iji.'tnai, cognitive, and psychomotor capabilities of the driving popuiation and the 
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iomp?i?.xify offhi rd^orjships bcfwcen the driver, tho rskidc, t}je sign and the ycadway; 
a mathi^matjcfd niuiif-Ung. itpproach was \{si'd. 



Milnlmli m Rc^ ntrcfl L:Liiv ily Rl^c] ii i rcnu^nt)^ fur Traffic Si^n^s SiiinTTiar^' R4:p<irt 

By J.F. Punim.i an J D..r. VtaLc, ly^"^ 
Rcpijrt Number: rM\VA-K]5-y:^-i ^7 

<.!iii-rt;fitly nanonal gusdi^Iitien itj^aniifii: the yii^.hstiine vif-ihility o/f:ignSiire >lmii^d ify ih^ 
.tiifmlatiiyn ifi the Mmuia! on i.-tiiform TrqffiC (.'f^fUnyl De\'i€e.i/or Stret^za. atid High\i'ii\'<i 
(Miri'CD) that all yvarniyi^ and regnlatcny .\i^^r.y fie iUafn'mated or yefl&cnyyis&d r> sho\i' 
the f:ii{tie color andjittCipi: hydayvr ni^Mi- (driven ihe ivsde fan^ofvitsnaL eiy;^tii!h% aad 
fr.\yeko/riotor capahiliTies of the dyivstigjjopi:iaiionatidthe complexity ofrhe 
fi:iailiynshipji between rhu driMer, the vehicle, the sign and the tfyadway. a mathematical 
modeling, approach was used. '{"hLt inodel deteimines the distance at which a driver 
ni:edsro seea.tign, uses this distance to determine the luminance required, and then 
calculate.'! the coeftlcjent qfretroreflecttion at standard measurcmeTit angles. This model 
is called Computer Analysis of Retrorejlectance of Traffic S^gns (CARTS). 



liylJ. NeutSetou, 19S= 

Kepott Number: HTO-:?1/10-S5(2M)1NR 

Some refiecttve signs on National Forest iand arc subjected io irxtrame. ti'.mpi'ratt/nfs ami 
.mow burial. Field units noted the reflective sheeting ^'neling from these signs after only 
one winter. In 1972 the Missojda Et^ui^icnt Deve.lopmcnt Ce.ntar (MEDC) began feating 
outdoor si^ns of various substrates, reflective slte.cting. applicaiion fechnitiv.es, afid clear 
cocdiugs. The goal was to find the right combinationof materials and niiinvjiiciurin^ 
processes to produce a reflective sign that would remain mainienanve-free fur 7 yearn. 

Hie JMCo. agreed io fakeuart in ike feafing In 1976 in-o othar ^h^ctiyii^ ynayiiijacS7^rer.\ 
AfCiy Ijiternnliojial and Miisubi!^hi/5eibv Internafio'ii^l.. joined ilte tenting, and jjt I yjy 
Refiexite Corp. miii Car'-omte Inter riaiitjr^ii began pf.\rili:tpiuing. 

To iiaie. omdoor ieiytin^ h<i<i Identified a. n?.'tnhef of cotTihinations of suhstrcdc, reflective 
sheeting., aj?piieailf.tn iechnhpji:.^', ed^e .^^rj/. ond clear coatin2s that will e:itend the 
sen-ice life of oufdoor rc^Jlei^.tiva: .•ii};)z\. The.te te.-ii fmding.t are documented and the 
specific combinaiion.<f re.commi.<¥iiit:d fi?~ nianvfac:ivring boresT Service signs are 
explained in deiail. 
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ftfclativi> VisibiUtv flf Increft^ed Leg end Siz e vs. UrL^KtLr MatLriaU far TratSc Sig njL 

R^pon NanihCT; FH WA-RD-94-Oj 5 

Thi: tihjpvsr-^i'- ofihia rssi'itrch wan to deicffn;ti£- rhe reiaii\-e dfnypii.iriiy afid iCgibJUiy of 
xijjfiy Hr-Hh dJffi^-n'-iii rt^trvrcfU'ctJvs mafc-finis conmimng hgersM u'iii-i^ iiijjhi'.nt STroke. 
widths iiyid otfii'.r ^tyiiiiU: ycsrfationS: WUh rcxpect lo tegihiiny, tha pr'incip^j! obj^ctjvs 
Ivdf.Tro iie!i:rmifii: ihajhrn. ^frofrj^ wU^h, iJfid spaci?7,^ that WOUi'd provSiie tij7iimji?n 
k'gibiHry p.>f ^ach fetr<^!-ejlt:cttvi; mou^.nul t<i:i!i'd. With rsspcct to coivspicaiiy, ihi: 
objecuve ^mn ny deteiifdtii- Sfit: i.ietti:ihinyri;c(^gnjtwn dtiicma^- urjdcr conTfoUciJ i^ind 
cofupurahh visual surfoundifi^a /(.if d)_[hfi'.nt tnijii'^iah umi sizes qfsi^is 'wirh optimuni 
icssftd stroke widrh 



[if .Ljff fnr RfctrnTt>nt<:liV4: MalLrialNi \ Pm^ry.'is Report 

By J. F. PaiiiatL and ft. N. ftcliwal>, 1 ^91 

Joiinial: TraiispoiTation I^searcJi Itecond, Js;mic Kumber: HI 6. 

TTif iiiiijis qfthc nationally coofdmatid pro^jaifi for retrofi:f}i^cia-dyfi^.-si'.^.trch is 
fXufvribitd. Thin progroffi was developed UTida-f tli£ ^mdartca t^/the h'H^.A OfficT of 
l^iiji^iy imdTrqffie Operanons Research and Dcvehpftieni. i'he ^mt^ afihepro^ani are 
iij dirtier fni Hi'- the end of life for retrorefiective ^ilgns andmarhiti^x andu:* d^vahp the end 
ofiifajbr rstrorefleclive si^s a>id marMn^s. afidio develop tht' naccM-iHry mtiwi^rcTfieM 
ami fnanagemerit toois. Included arc diseii.tsJonA. of the huftian faciom rt:.<iei.u-i;h so 
detefmim'- the end of life qfrctrorcflective ruatcnals. an economic ana!yf:ix nfthe mp(ti:f 
of deterioration of sign materials, the development of compuicr sa/Sivari: to miuiN^e sign 
ifT\^^niories. and the desist of new instruments to measure the retroreflt^cilviiy vfd^'is 
<ind mtiiiings fyom ii nun-ing vehicle durijig da]'iight. 



Kiivinn iif KfitrHrL^Lvthi: Si^r} Sheeting M;3tf rials, Practices and Policies. Final Uq>nrt 

Flytj. W. I'liTiTscb, 19fJ3 
r^fiIrf:rLMaTribcT;FHWA-AZ!5P-[?:i04 

'S'hf: Afizima flapartmanS ofTraniporiuiwn (ADOT^ is inferested in establishing 
minifniufi reirnn^Jli^ciivity mifisLieyKiinii, ftjf sign shi'-cUng iiscd 071 tlie State Highr-vay 
Sy.tiSfn. This study cnnsisied of a shorfruifh iUi>.riWtiTi>. rirfieM- ofminitnuRi retroreflectivit}' 
needs and a nation'-vide surV/^y nliich idi^niijii-d !yjM:.<i tsf .shet^isn^itstid ojid iisiig<r- policies 
among ihe states. The distance ar which a .ii^n can he daeiied atid feco^nizad mii-^iS ba 
greater than the visibility distance rcqaiicd by the drix'ey to moki; a decision and iniduie 
and complete a maneuver, ifj-iecessary. Since at night visibility is heightened primarily 
by ri:iro reflceiioji. than'- mtist be a minimufn reiroreflectivity requirement that af;siires 
ihi: -\'i.vibilily dista'H^i; recfuired by the driver: Forty-eight states tvere surveyed regarding 
^i^n .•fhni'.dng iirni ^5 i'/tf/e^y i\ns-w<^red thi'- questionf^iirc. The responses sho'wed thai most 
xtait:.^ have o policy ihaii csi-fsbli^ihe-n ihi'- tyj/e of sheeting asedfor eaeh sign cla'is. 
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J9riVi?vi?;^, miijfinjiffi y'ZJli'OlMfy rsqiiiri'msnis OiilA) ar^ uf;^d oniyforpjirohasc ofns^v 
.'ii^fi.'i dtid nt^vv xi^fi shi^efirrg Thi'- niOStrccoH .Vi^i Jv Or? .V/.-i nQx /yer/tyr/yiivJ by OifOH ilt 
Th^ Umver.ti^y oj Michi;^fiin. Ue yumduciad a fidd study ofai^.^ conapkt^Uy ntnd 
r\LCOmJJiended lllS/iirH-um fi:irftrt^Jif:i.:irv)iy rfiJuin'tm^ltS fof SCXCfili f]-ps.i ofii^fiH. 
dcpandifi^ on thi: anttpk-xUy ofiha ijjrrvjjr}dir}^s ff.fw rravsi speed. Additionaliy, f-'Hi-VA 
jirapoju-tynn^ i^ptoji^a that \-\'i>i di:ti;ymini; mimifium visibJliTy rsqvircjfKm.t atidsh^ U'vi:! 
of fctrorefiectiviSy sniipsirfnJ Sv nfiiiffy dwsi' r^quircnients. The values defcrmim^d hy 
Ohifit appmu- Hi ha hi}^h, ofpt^i kiUyfo? hif^h compicxit}' areaii. bur the j;tudy ix tht: hi^.yf 
cifft^t^fitly aviidiiMe and Of-vufi a SlA vali^.ss ivcrc uscdiji this study w sstitHan^ the 
mtmifiiim ^rddi^ (i/.\hei^iifi^ jTf;£.f.y.v«ri/ifr (.'.ach nif^n type. CoTisidcfi?7g The eayfiortiic 
hnp/^tct fi/iniritig rrnfiri: ietr(iri;Jli^i:ii\-v: fh^-i'iing. it iippenys ri'asouah'ic w wait far The 
fcaiih.i of the fe.tei^fch ^punxttrfd by f'HW.A bfjbfi'- j^i^conjmsndjn^ a fctforcflectrv'c 
sh]LCTin,f poljcy for ADOT. 



Servlcfe Life of Retro reflective, Traffic Signs. Draft Rcpctrl . 

By K.L. Black, H.W. McGee, ^.f . iJujisain, atid.lJ. Kcnnilsyn, I9fj] 
Rjcport Number: FHWA^l:D-^0-l 01; NCl^i A2 AT 1 22. 

77m-: iibjljty to predict cosfftci^tit of retro reflacuim viii-ufjujor in ^ervkt^ irafjfU: .xi^nv ?i' 
iiftHaiifor iha Fi'dc'fiil Uigjtway AdmirAstraTton '!■: (FtiWA \y Sigti Mana^etfietit 1-^yNS.em 
(SMS). Wiihiis sha SMS, iouisfvr predicting in service rctrcrefJeetive perji?rmaftce of 
trajfa: siirn:;. andfvf di:Lii:rminin'g ihi'. nwtorjsf'svtszij! needs ars required. The research 
n'tdi:fi f(.iLUft:i- on Ihff- moionsi a rji^^eds in lenns of traffic aign htrninance. ie^ibility 
dixkiuLi:, i:<.in.-^pK:iiify, nk., is or}-^oin}^ by Others. The project reported on here eyaluaied 
tht fffi^cfs tjfdimatolo^.ic{\l ittvd geographic variables 07i sign sheeting deferiaraiiofi. A 
rtiiiional data colh'.ction effort was undertaken. Daia samples fyom ^,275 iraffiC .figFi.f 
H-'f^L-: coUactfid across tfse countfy. Tfic data eoUeeted included: sheetin'g n'tnireJh'Ciiv'iiy, 
^ound ek'.vation. orientation to the nun. data of lnstaUat'u>n. .'iheeTsng type, eti.: 
.Miidtamaticai equations were developed u.iin^ the key deTerioratian variables iiyptedii:t 
in. .fff.rvicf^. i-oefficient pfreiroreficctivity and legend to background contrast ratios, l h^ 
ffiiiin difjfirtdiy in Jnodi^'Ung sheeting deterioration was the resuit oftlse variation in the 
{.:ofijJU'.i.<'.i-it ofretrorefii'.citvityfor new sheeting. 



Si ^n MaTia^tfnuijnt System 

By U.S. Dcfwrtmcni til'TrmiBportatiyns 1582 

Tiit: .'^{^ Mnn^ii^ament .SynSi'.yy} (SMS) ha.'i b^.en iievelop<?.d by the Federal Iligjtw-ay 
Adtrdnixiraiion Office of Safety wid 'i'rafjsc O^jei'iiiuins Re.sem'Lh and Dave iapmenS in 
provide State and local highway agencies -ulth aiooifor a.t.^einbling a si^n inwemory afid 
maintaining aji integrated sign mana^eynent program. The S.'\^.'^ alloyvs for the tracking 
and systematic inspection pfsigi\ sheeting age and condition. The SMS will go beyond 
simpiy a sign inventory. Models to predict when a sign is likely to need replacement will 
be im:luded fo assist ag?.m-ies with their maintenance and inspection programs. The ksy 
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rfSiilfs afrscsntly C-omphi?.d rcsc-Orch cwe hein^_ used to upgrade the currenr syxr^/n imf> 
i2 uref^i-.fivf.'- Uxil The S.^riSivjU pri'dicf fi'trorefJecttviS it^elvfiiy ijiservicc sigtisand 

date. Thss wUi f.K^s.'ii a^anait:.'; iviih fitnsii,<ii rf;.<,oi^;:t.'..-^ in iQi.fMisij^, sn<ipt:i\(m^^, and 
ri:piii{:lyi^ ihw'i-' .fii^nx vvhii.h ufe in tht. mQsS scrunj:; naed i?j ynainteyuinci'; 



^S.p.f.ciflcafioii for ItetrnTfctl fcctive LSjie.ctiiig ami l^rvice ss Inks for t j£tiri£ <.\ >iitrol 
Hy T^ennsj'lvarifa l^ep^rtineiiEof rraji3|wciati[iii., i9y5 
Re]x>rT Nuriihisr: 470 

'i'his specificanoii co\'er.'; aylnyed, adh^nK's-hack^d. f'c:F'oyefi\icnve sheeiirt;^ cotixif:!in^ of 
opilcal km ckiHeni.i £!nheddcd or jnupertd^d wUhin a iyjmpayenj yinaih&rjm-fi'^J i:isii:r 
swfacc f!:nid de.tign to Cfihancs yiighiiitna i-'lalhU'ity Crf.tigns. Traimparetif and opaqiti; 
prociLtj; inks for prodnciion jpplJc^noH !o r\iT{c-ciJV\L shcciing matcrjais by a direct or 
reverse sHk-screeuin,"^ process are also covsred. ^iaterial classffieaTion. requiremenis. 
tests, iesi imihoda. eohr r^qmreniems. and qi^aii^' assurartee prcnisioTis are aU ineltsded. 



Smiiiii;aii:y_REport of tbe Coiidltioa ofReflfctKe ^i^as in CaUfumla 

By California Department of Transpcirtatioii, 1995 

A EJffitl} ninribur of mpr^.s^riiaih-e xi'^n (it vifiOK!; pi(Ji:ii.-i over a larga amd \n.ri: 
examJfU'-d. Thi'- f^fuim^S -ihvw ihf^S oHhou^h OdfJ?)rma ^f^uj>^.y .vi^n LvniraLtfirf io fUifnp 
the yecfr ofrrnmufdailt^*! omne: .<,ig)z\ with pt^rmmiem ink, Oidvan HHtiinaii^d 50% t'ifthi: 
i'J*^' revin'^t'd have rtMJihlb/e d^UVS- Th<'.\n< iinina nn^ uisi's yrmmifuctni'i^ datfLf: Ofiht: .fi^fii'. 
flOl iTlStaU dilk<S. Diff«^iifiCf!!i in pt^rformi-mcf; hniw^t^n pn'sCtiMi ink perfcumanCf^, 
rehltiomhips bei'^^'^i.'H sign^i iocuikiry nfuJ i.i^ndiiii^n, umi Ofit^ntuiion an- di.i€^i.ii:d. I'h^ 
si^ns -v\^zre measured for n'fveiiivUy i/ai'i}^ a K^ntko'. 9^{iL iitur^inijlaciinnatar frwm 
AdvarK'-cd Retro-Teehnah^- fART), h-,i:. 
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